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Preface 


BILITY to figure accurately the cost of proposed con- 
A struction is essential to the business success of the 

modern builder and contractor—an indispensable part 
of his necessary working capital, a passport to victory in 
competition, and a safeguard against loss. Up to the present 
time, however, the problem of making accurate and reliable 
estimates of cost has been the one great bugbear of the 
Building Trades in general. Estimates have been largely 
based on more or less skilful guesswork. 

While it is a comparatively simple task to design a house, 
a barn, a bridge, or other structure, and even to build it com- 
plete in every detail, yet the all-important problem of deter- 
mining beforehand what the finished work will cost has al- 
ways been shrouded in uncertainty, so that the contractor’s 
inability to forecast expense has made him timid and hesi- 
tating, and has caused the business of contracting in general 
to be looked upon as more or less a gamble surrounded with 
unmeasured risks to one and all concerned. 

It is the purpose of RADFORD’S ESTIMATING AND 
CONTRACTING to teach the principles of scientific estimat- 
ing—that is, to inculcate systematic methods of procedure in 
figuring costs, to show the reader the data necessary in every 
case, and explain how his particular problem is figured out on 
this basis. Prices are quoted, but in all cases they are pro- 
visional, depending on local conditions, for it is recognized 
that second-hand data such as specific quotations of prices 
are usually of little value for the reason that the conditions 
under which they hold good are rarely noted. Stress is ac- 
cordingly laid on the far more important elements of quan- 
tities (for material) and time (for labor). If one knows, for 
example, how much material he will need on a job, how much 
excavating there is to do, etc., and how fast his men can be 
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expected to do this work, an estimate of the cost then be- 
comes easy. 

It is as true of Estimating as of all other lines of activity, 
that men learn to do it by doing it, just as they learn to build 
houses by building them. Estimators are made, not born; 
and there is such a thing as developing an estimating faculty. 
So, while this work does not pretend to be a substitute for 
brains, nevertheless it embodies practical information based 
on the experience of well-known and successful contractors 
and builders in all parts of the country, as to the methods of 
estimating actually used by them in daily practice, on both 
large and small work. 

Its systematic arrangement, broad range of contents, and 
multitude of useful, practical tables, will commend it to Con- 
tractors, Architects, Engineers, Carpenters, Cement Users, 
Masons, Plumbers, Decorators, Road and Bridge Builders, 
Steel Structural Workers, Sheet-Metal Workers, and the 
Building Trades in general. 
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Fig. 1.—Chart Showing Structural Members of a Frame House. 


For names of parts, see page 152. 


RADFORD’S 
Estimating and Contracting 


General Principles of Estimating 


At the very outset, we should understand—once and for 
all—that there is no such thing as a standard price for any- 
thing. Prices vary in different localities at the same time, 
and in the same locality at different times; and he who would 
figure costs of construction where it is necessary—as it al- 
ways is— to purchase materials or labor, must acquaint him- 
self with local market conditions in every case. 

Nor is it possible to prescribe a form or scheme of esti- 
mating that will be everywhere and at all times applicable to 
any and all jobs whatsoever. For each example of construc- 
tion is, in a certain sense, a job unto itself, involving factors 
which may vary infinitely with the endless variations of per- 
sonality and sentiment, and which nothing in the universe 
can reduce to the monotonous uniformity of a universal rule 
or formula. 

While, therefore, estimating is not an exact science in 
the sense in which physics and astronomy are exact sciences, 
wherein definite and pretise results can be predicted from ac- 
curate and well-defined antecedents,.and while any claim to 
reduce it to such form is merely “sounding brass and a 
tinkling cymbai,”’ estimating is nevertheless founded on well- 
defined principles. The body of these principles constitutes 
the true Science of Estimating, which may therefore be de- 
fined simply as intelligent and systematic methods of pro- 
cedure in the figuring of costs. It is the very antithesis of 
guesswork. And a knowledge of these principles, a mastery 
of these methods, is an absolute essential—in fact, it is the 
very foundation—of business success in all contracting and 
building operations. Without it, the modern builder and con- 
tractor is merely gambling against unknown odds. 

One decorator, for example, will enter a room, glance at 
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the walls, and immediately say, “I will paper that room for 
$5.00.” Another will bring out his tape-measure or rule, and 
take measurements. He knows exactly how many rolls of 
paper will be needed; from records of his past experience, he 
can figure how many hours of labor will be needed for hang- 
ing the paper; and he knows the local wage-rate. From a 
business point of view, can anyone doubt, as between these 
two men, which one has adopted the safe and sane method of 
estimating? The one who figures carefully may not get the 
contract; but in nine cases out of ten he is better without it 
than at the other man’s price. He knows why; the other 
man does not know; the owner may or may not know. 

It is not unusual to find similar haphazard guesswork at 
play in figuring the basis on which bids are made, even on 
large construction jobs. It is no wonder, therefore, that 
many would-be contractors present their bids with fear and 
trembling, feeling that their action is merely a gamble, like 
betting on a horse-race. A knowledge of the factors determin- 
ing costs, and the ability to apply this knowledge to the par- 
ticular work at hand, would place their feet upon the solid 
rock. 

To predict with accuracy what it will cost in time or 
money, or both, to accomplish work, is at best an exceed- 
ingly difficult task. To begin with, in out-of-door work the 
conditions are—many of them—speculative. We do not know 
the personalities of most of the men who are to be em- 
ployed; we do not know how much rain or frost we shall have 
to contend with; and we are required to work under a con- 
tract many of the terms of which are vague, and some of 
them prohibitory. What wonder that estimates for the same 
work differ—and differ widely? There is a certain cost at 
which projected work is going to be done; but no two men 
will guess alike before the fact; and, after having guessed, 
no two men would come out with the same figures of per- 
formance on identically similar jobs, if it. were possible to 
get together two identically similar jobs. 

An ideal estimator should take into consideration all the 
conditions which affect costs, and should allow each condi- 
tion to have just the correct influence upon his figures. 


CONDITIONS AFFECTING COST 
The conditions affecting the cost of construction work wil! 
naturally group themselves into three classes: 


1. Those whose quantitative effect upon cost can be 
reasonably predicted. 
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2. Those of which the qualitative effect only can be de- 
termined in advance. 

8. Those conditions the influence of which may be to 
increase or perhaps to decrease the cost: above or below 
an assumed normal. 

By way of example, (1) we can say in advance about how 
much more it will cost to haul bricks two miles along a 
known highway than to haul the same bricks only one mile 
along the same road; (2) we know that when we have to 
blast out a medium-hard shale, the work will cost more if 
the rock is full of seams and faults, with dikes of hard ma- 
terial, than if ordinarily regular in structure; but just how 
much more, or even nearly how much more, we cannot pre- 
dict. Again, (3) the coming of a new superintendent upon 
the work will surely have an effect upon it, good or bad; but 
until he has been tried out, there is no telling which it will 
be. This last-mentioned fact accounts in large measure for 
the reluctance with which contractors let their old men go 
after they have run out of contracts. 

In addition to the above, there are emergency and unfor- 

seen conditions that from time to time unexpectedly arise 
and make a carefully prepared estimate seem like a poor 
affair. 
Obviously it is impossible, as we have already intimated, 
to eliminate absolutely all the elements of uncertainty in 
estimates. No matter how carefully we have proceeded, no 
matter how comprehensively we have “rounded up” the fac- 
tors that may have a bearing on the final result, theoretically 
there will always remain at least some infinitesimal varia- 
tions in our estimates from the standards of absolute truth 
and accuracy. The problem for us is how to make the 
closest estimate possible from the known facts. The most 
careful rules and the most elaborate system, if followed, 
would not reduce the art of estimating to an exact science 
It is not even possible to state with absolute accuracy what a 
job has cost after it is completed. How much more difficult, 
then, to forecast the cost before entering upon the work. It 
is no more possible to make an infallibly accurate estimate of 
the cost of anything, than it is to measure with unvarying 
accuracy the length of a beam, the height of a column, or the 
dimensions of a wall or floor. Much must depend upon the 
intelligence, the information, the aptitude, and—above all— 
the experience of the estimator; lastly, he must have the 
elusive and intangible but nevertheless positive and essential 
quality of judgment, without which all theory is helpless. 
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Fortunately, however, it is possible, no matter what the 
degree of complexity of the work, to estimate the cost with 
an accuracy close enough for practical purposes and with a 
sufficient marginal safety to provide against all danger of 
loss in bidding or in construction. It is possible, by the use 
of cumulative evidence, to reinforce a man’s experience with 
the facts contributed by other men; and it is possible, by the 
presentation of correct theory, to show a man how to make 
his own experience of the most value with the least effort 
and fatigue. Such knowledge is the fundamental working 
capital of the successful bidder and contractor. 


MEN WHO MAKE ESTIMATES 


Estimates in general are made by three classes of men: 

1. The Engineer or Architect, who makes them as the 
basis for designs, preliminary to obtaining contracts. 

2. The Contractor, who undertakes to carry out the work. 

8. The man in the field, who is carrying on the work. 


The Engineer or Architect 


The engineer or architect who makes his estimates as a 
guide to his client in deciding what work shall be planned, 
is usually in the position of the man who estimates with- 
out having to carry out the work himself; and he is al- 
ways in great danger of making his estimates too low. The 
reasons for this are not generally appreciated. Some of 
them are as follows: 


(a) His client is seldom willing to pay for a thorough 
investigation of the conditions that are to be met, it being 
assumed that since a contractor is willing to spend his own 
money in making an estimate on the chance of. obtaining a 
profitable contract, the cost of estimating is so low that 
the engineer or architect can do it himself out of what he 
receives as his fee, and that it should therefore be a part 
of his office expenses. He cannot afford to make an ex- 
tended investigation at his own expense, and thus fails to 
take into consideration many conditions which are more 
likely to increase the cost than to decrease it. 


(b) As the business of the engineer or architect is to 
make designs, and as he is not particularly concerned with 
their execution except as an overseer, he seldom has actual 
experience of what it costs to do work, and is obliged to 
depend upon his records of contractors’ bids on work of 
the class that he is contemplating. Since his figures on these 
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bids are not in sufficient detail to make them applicable 
to his work except in a general way, he is at a serious 
disadvantage as compared with a contractor; and his dis- 
advantage consists specifically in not having at hand a large 
number of facts which go to make up the contractor’s cost. 
The engineer or architect seldom considers—because it has 
not been brought to his attention—the fact that the con- 
tractor must pay from 1 to 10 per cent of his pay-roll for 
liability insurance, and, after he has paid for liability in- 
surance, he has such items as bad bills, lawsuits (outside 
of his liability insurance), discounts, and the like, all of 
which have to be taken care of by his average receipts. 
The estimating architect is therefore prone to make use of 
published data of costs, without adding anything for these 
special contingencies, thus frequently getting into serious 
trouble. 

(c) The owner, or his representative, usually draws a 
contract which the contractor is expected to sign; and this 
contract contains clauses intended for the reasonable pro- 
tection of the owner, but which are too often liable to result 
in an unreasonable hardship upon the contractor. The 
Owner’s engineer—be it said to the credit of the profession 
—is, in the large majority of cases, both fair-minded and 
unprejudiced; and it has long been a maxim of the engi- 
neering profession to give a contractor the benefit of any 
doubt as to the interpretation of any specific clauses. Often 
the man who draws a contract by way of insurance puts 
in clauses which are intended for protection against certain 
contingencies, but which may become operative in a num- 
ber of other ways; and the contractor is obliged to put on a 
high price, rather than run the risk of large financial loss 
in the event of such clauses becoming operative. The fol- 
lowing is a clause taken from the standard steel specifica- 
tions of a large railroad: 

“The Contractor shall so conduct his work as not to 
interfere in any way with the operations of the road or 
with the work of other contractors, or close any thorough- 
fare, by land or water, except by the special permission of 
the Chief Engineer. The erection shall be carried on with 
despatch, and in such manner as may be designated by the 
Chief Engineer.” 

This sort of clause, if enforceable, is one that makes the 
Chief Engineer the absolute arbiter or controller of the 
financial success or failure of the contractor on the work. 
To build a bridge on a railroad that is in full operation, 
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in such manner as not to interfere in any way with the opera- 
tions of the road, is one of those amusing inconsistencies 
that cost money. In all probability there never was yet a 
single instance in which a railroad bridge was built under 
traffic without in some measure interfering with the opera- 
tions of the road. Such a clause as this means, of course, 
that. the contractor must do his work with the minimum 
reasonable interference with the railroad; but it does not 
say so, and a contractor signing a contract with such a 
clause puts his head in a lion’s mouth, and bids accord- 
ingly—often to the engineer’s surprise and humiliation. Am- 
biguous specifications will force a careful contractor to bid 
high, and, by offering a reckle~ contractor an inducement 
to bid low, will result in almost surely placing the con- 
tract where it will be inefficiently performed. The reckless 
contractor is not generally a good manager; and the care- 
ful contractor, if he gets the contract, will require more 
money than he would have been willing to work for had the 
specifications been precise. 


(d) When work is done under national, state, or munic- 
ipal authority, the law usually provides that the contract 
shall be let to the lowest responsible bidder; and everyone 
has an opportunity to bid. On private or railroad work, 
on the other hand, usually a selected number of contractors 
are invited to bid. In the former case, the architect or engi- 
neer has to guard against a contractor taking advantage of loose 
clauses, and must fortify himself—which he usually does—by 
making the terms as much one-sided as he can. The con- 
tractor who knows him personally, who knows the object 
for which the strict clauses were drawn and the extent to 
which they are to be enforced on the work, is thus enabled 
to make much lower prices than the man to whom the in- 
dividual in charge is an entire stranger. This accounts for 
part of the large diversity of bids on any public work, and 
is a further reason why such bids, when published, are a 
very poor basis on which to make estimates. 


The Contractor 


In making estimates, the contractor is generally more 
expert than the owner’s engineer or architect, because he 
is continually being confronted with the financial problem, 
and naturally makes more of a study of it; nevertheless 
his estimates are very difficult to make properly, for reasons 
among which are the following: 
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(a) The contractor rarely, if ever, receives compensation 
for his labor in preparing an estimate, and that labor is 
frequently very considerable; therefore he makes the esti- 
mate with as small a cost as possible to himself. 

(b) The time within which the contractor must prepare 
his estimate is limited, and generally too much limited, so 
that he seldom has opportunity properly to investigate the 
conditions under which he is to bid. 

(c) When ten men are to bid on one piece of work, it is 
manifestly unfortunate that each of the ten men should pay 
for an investigation which can as well be made by one; and 
yet it is seldom practicable for the bidders on a piece of 
work to combine and obtain all the information. For in- 
stance, in a job involving earth and rock work for foun- 
dations, unless the job is very large, the owner rarely makes 
sufficient test borings to determine thoroughly the existing 
field conditions; and yet the total cost of one investigation 
made by the owner would be very much less than the cost 
of all the investigations made by each contractor individ- 
ually. The owner’s point is that the successful contractor 
will make enough money to pay for the investigation; but 
it is almost never appreciated that when a contractor obtains 
a contract, he must make enough profit to pay for the 
investigation, not only on that contract, but for all those 
on which he has been unsuccessful as well; and the aver- 
age of his bids must therefore be correspondingly higher 
than if it were the general practice among owners to fur- 
nish complete statistics when asking for bids. 

The writer had occasion to bid on a large bridge for a 
municipality in West Virginia, on which almost no informa- 
tion from the municipality was forthcoming. Each con- 
tractor made an investigation more or less thorough, and 
was obliged to furnish his own design. The result was 
that over fifty bids, fifty investigations, and fifty designs 
were submitted, ranging from a minimum of about $40,000 to 
a maximum of about $140,000. All bids were rejected; and 
the municipality, reinforced and greatly benefited by the dis- 
cussion that arose, re-advertised for bids. It is needless to 
add that the author did not bid again; but the question 
is: Who paid for all those estimates? 

(d) After bidding upon work under a certain architect 
whom he knows, and whose attitude on certain clauses in 
his specifications he considers himself reasonably able to 
‘predict, the contractor may be confronted by a change of 
architects, and the new man may be more strict than the 
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old. This is a danger more to be feared in long contracts 
than in short ones. In the former case, it is likely to be 
a@ very serious matter, and frequently offsets the advantage 
of having time thoroughly to organize and systematize the 
work. 

Remedy. It will be noted that all of the causes for in- 
accurate estimates which have been pointed out above could 
be very largely remedied if two rules were rigidly adhered 
to by parties who ask for bids—namely: 


First—Make specifications as specific as the limitations of 
language will permit. 

Second—Obtain all available information before asking 
for bids, and furnish it to the contractors. 


The Man in the Field 


In order to reduce costs in the field, it is necessary 
to make estimates so as to know how the work is pro- 
gressing. The field chief or superintendent frequently has 
to make estimates of the cost of work in progress. 


Purposes of Estimates 


The purposes of an estimate are to enable a contractor 
to know what it is going to cost in money or in time, or 
both, to carry out work. There is usually in contemplation 
a contract of one of the following forms: 1. Lump Sum; 
2. Unit-Price; 3. Cost plus a Fixed Sum; 4. Cost plus Per- 
centage. 

1. Lump Sum Contracts. The first and oldest form in- 
volves the describing, by means of plans and specifications, 
what is to be done; and a guarantee by the contractor to 
perform all the work for a fixed consideration. After the 
contract is signed, it is up to the contractor to get the work 
done, and the owner is supposed to have no responsibility 
beyond making the specified payments. The contractor as- 
sumes all risk, and meets all difficulties whether foreseen or 
unforeseen. 

2. Unit-Price Contracts. In the second form of contract 
mentioned above—the Unit-Price—the contractor receives an 
established price per yard, per pound, per ton, etc., and the 
owner assumes responsibility for the quantity. Since changes 
in plan involving increase or decrease of the amount of work 
are usually an accompaniment of most contracts after the 
contracts have been signed, this type admits of move elas- 
ticity than the first for meeting this condition. 
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3. Cost plus a Fixed Sum Contracts. Of late years, in 
order to permit of freedom in making changes without in- 
terfering with the liability of the parties, to save time, and 
for other reasons, the cost-plus-a-fixed-sum type of contract 
has come into vogue. Its advantage, among others, is that 
the contractor is under no risk, and therefore cannot be put 
out of business; and where the quantity and conditions can- 
not be determined beforehand, it has much merit. One argu- 
ment against it, from the standpoint of the owner, is that 
the contractor, not having anything to lose, will not be likely 
to strive so hard for economy as he would if he guaranteed 
the price. 

4. Cost plus Percentage Contracts. The fourth form of 
contract enumerated above—Cost plus Percentage—has long 
been used on railroad work, and usually provides that the 
contractor is to receive as his compensation and for his 
overhead charges a certain percentage of his pay-roll, with 
plant rental added. On this basis the contractor has noth- 
ing to lose; and the owner is at the disadvantage that the 
less the contractor’s economy of operation, the greater is 
the contractor’s financial gain, so that the contractor ap- 
parently has an incentive to wastefulness. Many contracts, 
especially on road work, require the contractor to maintain 
the finished work for a certain number of years. This places 
a peculiar hardship upon the contractor who is not expect- 
ing to remain long in that locality, thus eliminating the 
journeyman contractor. It requirés, however, that he shall 
keep a considerable amount of money invested in plant at 
the call of that particular job, and therefore tends to impel 
a conservative man to bid high. 

Warning. The man who is entrusted with the making 
of important estimates has resting upon him a large respon- 
sibility. His blunders may beggar him or his employer; yet 
too often cheap men of limited experience are employed on 
this work, and rules, are accepted as substitutes for judg- 
ment. To the younger men of the engineering and contract- 
ing profession, it may seem that estimating is easy. Noth- 
ing could be farther from the truth. All that we can hope 
to do here is to boil down some of the gambling features 
of estimating, and place it upon a rational plane. To claim 
more would be dishonest and misleading. When a man 
says that he can safely estimate the cost of outside work 
within two per cent of performance, he may at once be 
written down as a fool or a liar. The difference in cost 
between a job that is run with ordinary methods and ordi- 
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nary management, and the same job with proper cost analy- 
sis and thoroughly up-to-date-management, handled with 
push and snap, may easily be 30 per cent; and the claim 
of ability to guess within two or three per cent, without 
knowing a large number of the uncertain elements, is absurd. 
Therefore, in making use of our instructions, the reader must 
bear in mind that it is not attempted to predict what he 
or his organization will be able to do. Schedules are pre- 
sented, covering most of the items on the main classes of 
work discussed in this treatise, the use of which should 
prevent many blunders of omission; but the reader must 
not understand that we claim to have given him a sub- 
stitute for brains. He must use his own good judgment in 
every case. 


GENERAL RULES FOR ESTIMATING . 


The successful estimator requires more than mere ac- 
curacy and quickness in figures. Experience and good judg- 
ment, familiarity with all the complicated details of the par- 
ticular job in hand—these are factors of inestimable value, 
and they are qualities of an indefinable and intangible na- 
ture. The contractor should subscribe for the leading trade 
journals covering such portions of the construction field as 
he is interested in, and should keep an eye on current prices 
and discounts. He should also make it a practice in every 
case to file away his estimates, whether his bids based 
on them have been successful or not. If successful, he 
can compare his estimated costs with those of actual con- 
struction; and if-unsuccessful, he can broaden his grasp of 
things by noting in what items his estimates have been too 
high or too low. In the preparation of future estimates, he 
will have at hand a great mass of data that will be of 
practical service. In every case, we repeat, he must ac- 
quaint himself with conditions, prices, and discounts current 
in the local market. 

An estimator should rigidly adhere to the following gen- 
eral rules: 


1. Make all estimates in the fullest possible detail. 

2. Get together and classify all the available data before 
commencing to figure. 

3. Use a carefully prepared standard schedule of items 
for the classification. 

4. Go over the ground with great care—visiting the site 
of the work, if possible—to guard against the omission of 
items not provided for in the standard schedule. 
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5. Put down all the unit-quantities first; then all the 
unit-prices; and finally, make the arithmetical computations 
in such manner that you will not know even approximately 
the final results until all the figures have been thoroughly 
gone over and tabulated. 


6. Check over the final results by every available means, 
such as contract prices on similar work, which are unsatis- 
factory as preliminary data. but which may be very useful 
as a check. 


The reasons for these rules are as follows: 


1. At first sight it would seem that it requires more 
labor and time on the part of the estimator ‘to make esti- 
mates in elaborate detail than to make them in general. 
This, however, is not the case according to experience, since 
a much larger part of the detailed estimate can be done 
mechanically than when many of the items are lumped, and 
because the more elaborate the detail, the more confidence 
a man has in his own figures, and the faster he is able to 
work. When an estimate is made in careful detail, gaps 
in the available information become apparent; and in this 
way it is easy for an estimator to know just what infor- 
mation he lacks, and where the dangerous parts of his esti- 
mate are likely to be. Then, again, an estimate made in 
detail is much more easily checked by the subordinate or 
by the estimator’s superior officers; and, when filed for ref- 
erence, such an estimate is a document of great utility in 
future work. When the field costs are properly prepared, 
they can be used to check up the estimate for the work, 
in a way that is not possible if the estimate is not made in 
full detail. 

2: It is a psychological fact—one based on the natural 
tendencies of the human mind—that if an estimate is made 
as the figures come in, it is impossible to obtain as good a 
grasp of the general problem as when the data are first col- 
lated, and the estimate then prepared on the data. While 
the estimates should be made in full detail, this does not 
mean that they should be made for different items of the 
work independently, since all parts of a piece of construction 
work are to a large extent dependent upon one another; 
and thus, if the estimated cost of one item is set down be- 
fore the other items are known, their interdependence or 
mutual relations will not be appreciated and will not be al- 
lowed for in the estimate. 

8. Rolling off a log is a difficult and elaborate feat com- 
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pared with forgetting items in an estimate; and it has been 
found, from wide experience, that the best way to avoid 
omitting items is to start with a standard schedule. To write 
a zero after an item that is not going to come into the 
estimate, takes practically no time; and the use of such a 
schedule in all cases is excellent insurance against blunders. 
A good plan is to have such schedules in stock, printed on 
sheets of coarse-ruled paper. 


4. It is a sad fact that a great many estimates are made 
without the estimator ever seeing the work. This is utterly 
wrong; and it should be an invariable rule that the esti- 
mator must go over the ground, and go over it thoroughly; 
else it will be impossible for him to use the essential qual- 
ity of judgment. Moreover, there is nothing like a physical 
view of the field for enabling a man to grasp all the de- 
tails of the work. For this purpose, plans are of great 
assistance in the detailed analysis; but they are no substi- 
tute for a good look at the ground. 

5. An estimate, to be accurate, should be absolutely un- 
biased; and where a question of judgment is involved, it is 
essential that the estimator make his figures without regard 
to what they will amount to in the grand total. ~ 

6. After the grand total has been computed, it should be 
checked; and the checks may throw some light upon er- 
roneous items, which can then be corrected. The estimator’s 
judgment will be a great deal more accurate if he works 
the problem out in detail first, than if he tries—perhaps 
sub-consciously, or without fully realizing the fact—to work 
to a desired or hoped-for result. 


The practice of taking somebody else’s contract price as 
a base of figuring, is very deceptive if you do not know 
what specifications he had, how he intended to do his work, 
what layout he anticipated, and what his financial arrange- 
ments were. All of these items are of the utmost import- 
ance in figuring the economics, or the financial features, of 
any particular piece of work. Conditions vary in places 
short distances apart; rates of wages vary in different parts 
of the country; specifications, and the interpretations of 
identical specifications by different engineers, vary greatly; 
the bid prices are frequently too low or much too high; 
the bid prices may be purposely “unbalanced’—that is, made 
abnormally high on certain items, and abnormally low on 
others, but always so as to offset one another and “even 
up” in the grand total; a unit-price for a large job is usually 
too low for a small job, on account of the falling percent- 
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ages, or relatively lower rates, of overhead charges ‘and 
superintendence on the larger jobs; a contractor well 
equipped with plant can usually bid lower than contractors 
not so equipped. : 


Hints for the Estimator 


Don’t forget that rates of wages are lowest in dull times 
and in winter, and highest in boom times and in summer. 

Remember that an allowance for discounts is not opera- 
tive when payment is delayed beyond the time limit. 

Repairs on bargain-counter plant may be three times as 
great as on first-class new equipment. 

Depreciation is affected by a multitude of conditions, and 
estimates of the amount for this item should not assume too 
high a figure for scrap value. 

The interest on plant goes on whether the plant is work- 
ing or not. 

If the non-paying part of a job has to be done first, in- 
terest on the loss will run to the end of the contract. 

In estimating the cost of transportation, give special at- 
tention to the character of available roads, the direction of 
the proposed traffic, and the time of year. 

Insurance against accidents depends upon the riskiness, 
not to the plant, but to the men. 

After making an estimate in detail, lay it aside for a 
day or two if possible, forget the figures, and then go over 
them again critically. 

If someone else is going to carry on the work, take his 
personality into account in making an estimate of how much 
his work is going to cost. 

Check up an estimate against average contract prices, 
selecting particularly contracts where the conditions are well 
known, and selecting the contract bids from firms of experi- | 
ence in the line of work in question. 

Check over the bidding sheet to see that it compares with 
the estimate. 

A long and big job can be estimated on more safely than 
a short and small one, since the accidental conditions on 
big work are more likely to balance themselves. 

It is not wise for the contractor to figure on making money 
out of lawsuits, as he can generally make a good deal more 
money by doing construction work on a square basis than 
he can by providing a job for his lawyer. 

The worst estimate made upon even assumed data is gen- 
erally a good deal better than guess. 

The cost of materials will vary from year to year. A 
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study should be made of the characteristic fluctuations in 
prices, when figuring closely, in order that proper prices 
of materials can be determined for some time in advance. 


QUANTITIES TO BE CONSIDERED 


The estimator will generally have trouble when it comes 
to the amount of work to be done, this usually being roughly 
approximated, with the right to increase or decrease it later. 
A good method is to write down the maximum and minimum 
amounts that are likely to be involved. Clauses in the con- 
tract which enable the owner to change the contractor’s 
quantities without changing unit-prices, should add some- 
thing to the contractor’s estimate, for the reason that there 
is one best plant, one best arrangement, one best organiza- 
tion, and one best outfit for every particular work. It has 
been shown that many of the conditions which affect the 
economy of the work are themselves affected by the quan- 
tities of work to be done; and any change on the part of 
the owner’s mind affecting the quantity of work to be done, 
should—but rarely does—tend to increase or decrease the 
contractor’s unit-price. In order to guard against such a 
contingency, the contractor should add something to his 
price by way of insurance. After an estimate has been 
made, it is a practice of many contractors to unbalance 
their bids., A great danger from this is that the work 
may have to be completed with quantities different from 
what were originally figured. 

The kind and condition of the equipment available should 
be at hand, but is not often turned over to the estimator, 
unless he asks for it. 

Frequently the name of the man who is going to super- 
intend the work is not known in advance, and it should 
be established if possible. 

The general layout of the work can be determined only by 
a personal inspection of the ground; and on this the esti- 
mator should make copious notes, having special reference 
to the distance of railroad connections, the distance of the 
railroad connection from shipping points of materials and 
supplies, the character of the country, the kind of water, and 
as many of the local conditions as can be reasonably and 
quickly noted. ‘ 

He will find that the time for completing the contract 
will usually be determined by the business conditions. This 
ought to be ascertained with considerable care, because upon 
it depends the scale of the work. 
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State of the Labor Market. It is difficult to predict this 
two or three years in advance. In unfamiliar territory, if 
the padrone system is in use in the neighborhood, it is not 
difficult to obtain from the nearest padrone (importer of for- 
eign labor) an estimate of how many men he can furnish, 
and then, by cutting the estimate in two, get somewhere near 
the probabilities. If it is necessary to board or transport 
the men, a provision for this should be made in the estimate. 


Earth and Rock Work. This is perhaps one of the most 
important items, and one of the hardest to establish, be- 
cause of the expense attendant upon the digging of test 
borings, making borings, etc. Personal inspection, where a 
man has had considerable experience, will go a long way 
toward helping out; but in earth and rock work a certain 
amount of boring is absolutely necessary ‘for proper results. 

Management. The method of managing should be under- 
stood before the estimate is to be made. If upon the work 
a bonus system and cost analysis are to be used, prices can 
be materially lower than when the ordinary day labor method 
is to be employed. Just how much lower, is a matter of 
judgment; but from past experience it may safely be said 
to range from about 10 to about 40 per cent—with 20 per 
cent as a safe average on general work. : 

If electric power is available, the fact should be care- 
fully noted. 

The kind of supplies readily available, and their cost on 
the work, should be estimated, not neglecting the water 
problem. The cost of coal of good quality will vary a great 
deal; and if a poor quality has got to be used, a very much 
larger amount should be allowed for than if the quality were 
good. 

It is well to put the item tools in the estimate, as the esti- 
mator is more likely to know the proper kind and size of 
tools than the purchasing agent, and it serves as a useful 
reminder. Shovels of the proper size, for example, may not 
be locally purchasable on short notice. 

Whether or not to work night shift can be determined 
by estimating the necessary daily output to complete the 
work in time; and if this daily output cannot be safely 
reached with the labor available by day, night shift must 
be figured on. If one night shift is employed, from 7 to 
10 per cent should be added to the labor cost; while, if 
two night shifts are to be put on, 10 to 12 per cent of the 
unit labor cost should be added, since the output per man 
working night shift is likely to be from 15 to 20 per cent 


24. RADFORD’S ESTIMATING AND CONTRACTING 


less than by day. Of course, judgment must be used here, 
depending upon the kind of work, conditions, ete. Night 
shifting in summer is a much simpler matter than in winter. 


The weather is the greatest controlling factor, excepting 
in tunneling and on the interior parts of building to be done 
after the roof is on; and the probable number of work- 
ing days on a short job cannot be estimated, except at con- 
siderable risk. 'Therefore, when the jeb is small, the unit- 
prices have to be assumed higher on this account than when 
the work is of long duration and the average weather counted 
on. When the work is to be done in an unfamiliar climate 
‘in the United States, the records of the Weather Bureau 
ean be consulted, either by personal inspection or by writ- 
ing to the Observer; and from these records the probable 
number of rainy days and days of excessive frost can be 
quite closely estimated if the work is to be of long duration. 
This should always be done as carefully as possible, since 
the weather is economically one of the most important field 
conditions to be considered. ; 


A working day is a day, not a holiday, suitable for work. 
If the day is not a holiday, and is suitable for a working 
day, whether work is done or not, that day is a working 
day. 


Amount of Capital Involved 


Equipment. It is usually not difficult to estimate with rea- 
sonable accuracy how much plant will be necessary, pro- 
vided that the working conditions are well established. 
Where drilling is to be done, the maximum and minimum 
average performance per drill must be determined from an 
inspection of the local conditions. It should be borne in mind 
that under ordinary working conditions from 10 to 20 per 
cent of the drilling equipment will be in the shop for re- 
pairs, and that a surplus of at least 15 per cent should be 
provided. Extra drills can easily be procured at compara- 
tively short notice; but extra steam or air service cannot, 
and therefore a more liberal margin should be provided for 
the boilers and compressors than the actual number of drills 
to be taken on. Liberal allowance should be provided for 
pipe lines and for connections, whenever the work is to be 
done in cold weather. 

For the process of loading, in the case of large jobs, the 
grab bucket, the steam shovel, or the derrick and skips are 
the logical types of equipment, with the advantages lying 
in the order named; and given the conditions and class of 
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work, a fairly close approximation of the cost of equipment 
can be very rapidly made. It is necessary to be very care- 
ful to make a proper allowance for lost time. 

Before deciding upon cost of transportation, it is neces- 
sary to have some approximate idea of the grades to be 
worked over; and in wagon work the assumed net load 
which can be safely handled upon the roads in their prob- 
able condition will determine this factor. 

On large jobs, 10 per cent should be allowed for equip- 
ment undergoing repairs. In estimating, it is wise to figure 
on standard ordinary equipment wherever possible. Bear in 
mind that an engine cannot operate for many months with- 
out thorough overhauling. " 

One pick to every two shovels. The cost of tools per 
cubic yard handled is trifling. 

A close estimate of the cost of temporary buildings can 
be made by roughly figuring the cubical contents necessary, 
then the amount of square feet of wall surface and parti- 
tions. The cost of a building should never be guessed at 
in a lump, as it depends upon the available material. 

Cash Capital. On a good-sized piece of work, $200.00 for 
petty cash on a job is ordinarily ample to take care of 
express charges, etc. The amount of the pay-roll per month 
will depend upon the number of men employed; and when 
monthly settlements are made about two weeks after the end 
of the month, this amount will have to be “carried,” so that 
about half or two-thirds of the average pay-roll for the 
entire job will have to be considered as continually losing 
interest. 

This amount of capital to be considered available is in 
the nature of an insurance fund against emergencies; and 
the more risky the nature of the work, the larger it should 
be. Ordinarily the interest upon this is comparativly in- 
significant. 

Storage. The contractor must make a list of the approxi- 
mate amount of material to be kept continually on hand, 
which will vary with different classes of work and the facili- 
ties that must be provided for storage. Where a stock pile 
is to be used, the preliminary work of getting ready the 
ground, erecting a handling plant, etc., is a part of this item, 
which also includes the salary of the storekeeper, who looks 
after not only the storage of the material but also that 
of plant and supplies. The cost of rehandling material may 
be classified either as storage or as preparatory charges. 
The storekeeper, supplies, stationery, coal to warm the store- 
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house, aS well as necessary material for labor, should not be 
forgotten. For the total cost of storage, 5 per cent of the 
actual value of small tools and material, ignoring storage 
of large plant on average construction work, is liberal. 

Bonus or Discounts. This item depends largely upon the 
particular business followed. If the contractor is figuring 
to earn a bonus on the contract price by getting through 
before the time limit, such being provided in the contract, it 
should appear in the estimate; and, as offsetting this, what 
he can lose by delay should also appear in the estimate. 
Not long ago, one of the largest cities in the United States 
paid for a considerable amount of work in bonds at par, 
which several contractors, needing the money, sold at a 
discount of not far from 3 or 4 per cent, as it was not con- 
venient for the city to raise the money on short notice. 
It is safe to say that this had not been figured on in their 
estimates. 


Charity or Accidents. This is an item about which it is 
practically impossible to give advice in advance. The first 
part of it covers a good many sins and other things in con- 
tract work, while accidents are generally provided against, 
as far as possible, by insurance. Where the insurance com- 
panies refuse to insure, the contractor has got to provide 
against this item in the estimate somehow; and it is well 
to estimate the rate that the insurance companies would be 
likely to insure for if their rules did not prevent them from 
doing so, and to multiply this rate by about two. 

A contractor is supposed to assume certain risks; but, 
as pointed out by Colonel Raban, of the Institution of Civil 
Engineers of Great Britain, it is another question whether 
all of the risks should be put upon the contractor. Risks 
from weather, the problems of handling men, and the general 
vagaries that go with all construction work, are probably 
the contractor’s risk; but, when held up by strikes, or by 
eventualities that are not peculiar to his line of business, it 
seems unreasonable to shift these risks to the contractor’s 
shoulders, and thus needlessly raise his estimate. 

Depreciation. No other part of the estimator’s task will 
call for the exercise of more careful judgment than the de- 
termination of the percentages of depreciation. 

Fire Insurance. For brick buildings and for dwellings 
and their contents, the rate in the eastern part of the United 
States ranges from %4 per cent to 1% per cent for three 
years. For a plant such as in use in the Hudson River 
Trap Rock Quarries, the rate is from 2 to 21% per cent 
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per year. The rates vary widely with different localities 
and with different kinds of buildings or equipment insured; 
and where a general approximation is not sufficiently definite, 
the estimator will have to go to the nearest fire insurance 
agent, who, with the idea of getting business, will be so keen 
to furnish him with information as to make it a pleasure to 
ask for it. 

Rent. This depends entirely upon the local conditions, 
and can be obtained by the writing of a postal card to some 
representative agent in the vicinity. 

Interest. This may be ordinarily assumed as a fair aver- 
age at 6 per cent per annum, or % per cent per month. 
In times of financial stress, or in certain parts of the United 
States where money is scarce, the rates will be higher than 
this. For a year or two after a panic, and on good col- 
lateral, money can often be borrowed for as low as 4 per 
cent. 

Preparatory Costs. The best way to get a good estimate 
on the preparatory costs is to interview the man who is 
going to take charge of the job on the ground, and go over 
with him in detail how many men he is willing to undertake 
to get into full operation with, and how long it will take him 
to organize. 

Advertising. This is an overhead charge depending upon 
the policy of the manager. 

Repairs. The estimator must use his best judgment on 
this difficult and perplexing item. 

Burglary Insurance. This, like fire insurance, will depend 
upon local conditions and the state of mind of the insurance 
companies. For private dwellings, the rates in some com- 
panies are $12.50 per thousand dollars per year, or 1% per 
cent per year. Where it is not thought advisable to pur- 
chase burglary insurance, the estimator should nevertheless 
realize that theft is possible if not likely, and it is wise 
to allow about 214 per cent of the value of the constant stock 
of small tools and supplies on the work for this item. 

Freight, Express, etc. This must depend upon the class of 
material handled, the distance to be hauled along the rail- 
road, and the amount of competition between roads. It will 
be more in sparsely settled country than where there is much 
competition. 

Bond. From a well-known indemnity company, in 1909, 
when a bond is in favor of New York City and is for 50 
per cent or more of the contract price, % to 1 per cent 
of the bond is charged. When it is less than 50 per cent, 
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¥%, of 1 per cent is charged. The minimum charge is $10.00. 
All other bonds cost % to 1 per cent of contract price. 
Bonds on contracts for furnishing supplies only (no labor) 
cost % of 1 per cent of contract price. 


ESTIMATED UNIT-COST 


Hourly Direct Labor. From his general experience and 
what information he can gather from published data, the 
estimator is in a position to determine with fair accuracy 
between what limits he can reasonably expect to come on 
the item of direct labor, which is the fundamental labor 
charge and which ought to be nearly proportional to the 
actual amount of work accomplished. 

Weekly and Monthly Labor. This can be selected as a 
percentage of the item above mentioned, and depends very 
largely upon the local conditions, number of men employed, 
etc. Where there is a large amount of plant, such as steam 
shovels, hoists, drills, etec., it may run as high as 15 per 
cent maximum. For average work it is likely to be about 
2, of this. 

Superintendence. This is likely to vary from 10 per cent 
to 20 per cent of the direct labor pay-roll. It will be more 
on small work, and less on large work. On large work, it is 
generally too small for true economy. 

Materials. The amount of these to allow for can be fig- 
ured from the plans of the finished work. A percentage, 
generally not less than 3, should be allowed for loss in 
handling, shortage in shipment, etc. 

Supplies. Such as coal, oil, waste, etc. This item should 
be carefully gone into, and rates obtained when the work 
is large or far from a base of supplies. 

Miscellaneous. It is a practice of many estimators to add 
from 5 per cent to 10 per cent to their estimate for mis- 
cellaneous and contingencies. The more the detail of the 
estimate, the less the necessity for a large amount for this 
item. Miscellaneous items can cover possible inefficiency 
of laborers, strikes, rise in rates of wages, or unforeseen con- 
tingencies. From 5 per cent to 20 per cent of estimated 
labor cost, is a fair allowance. It is an item used to insure 
against oversight or ignorance in making up an estimate. 
On materials the prices of which can be obtained before 
putting in a bid, there is no necessity for these. 

Profit. The estimator can figure his grand total of cost, 
to which should be added a percentage for profit. On small 
work where the risk is large, this should be high; and on 


GENERAL PRINCIPLES 29 


large work where the risk is small, it may be as low as 
10 per cent when there is competition. The profit should 
not only take care of the risks of the business that cannot 
be or are generally not included in the above items; but 
it should also take care of the compensation to the stock- 
holders, or to the contractor himself for his time and skill 
and risk in organizing the business and keeping it going. 
Thus,. on certain work, 25 per cent or 30 per cent is not an 
excessive profit. 
COST ANALYSIS 


Only very few contractors who handle construction work 
have what, in plain words, might be called a truly “intelli- 
gent” idea of the actual cost of the same, until the work is 
finished and all accounts settled. Then they find, in a great 
many cases, that the work has either caused them a direct 
loss, or has earned but a small margin of profit. 

The common lack of judgment in making up estimates of 
cost when submitting bids, may be laid to one or all of three 
things: 

1. The comparative newness of the particular form of 
construction to the contractor; 

2. The lack of system in making up estimates, thereby 
omitting important details; 

3. The application of methods and costs which were suc- 
cessful in one locality or for one class of work, to another 
locality or to another class of construction. 


If a search is made through the current engineering pub- 
lications, it will soon be noticed that the ordinary contractor 
who wishes to build a residence or small building, using, say, 
concrete as the material of construction, is confronted with 
a mass of data and costs relating to such structures as dams, 
large retaining walls, city sewerage systems, and filtration 
plans, pavements in large quantity, and accounts of other 
massive construction, which do not fit his case at all, and 
which, in the mijority of instances, would be ruinous if he 
used the figures given in making up his own bid or estimate 
of cost. It is true that similar work in the same locality, 
built under the same conditions as existent in previous 
structures, may be estimated with a reasonable degree of 
exactness; but successful contractors do not seem to have 
arrived at the stage yet where they are anxious to make 
known the means of their success, and allow their com- 
petitors to reap the result of their years of systematizing 
and well-remembered losses. 
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If the methods used by these successful contractors were 
closely investigated, the results would show that system was 
at the bottom of the whole matter. Carefully kept records 
of similar work, modified by the changes in the prices of 
materials and labor, form one guide-post in the path of suc- 
cessful estimating. A piece of work to be figured on should 
be carefully analyzed, separating each kind of material, 
each kind of labor, the amounts of all component parts, the 
likelihood of joss at any point during the construction, the 
cost of plant necessary, interest on money necessary to carry 
the contract, and all details which might in any way affect 
a fair profit on the work in hand. 


The general scheme of such a system is outlined in a 
paper read before the American Society of Engineering Con- 
tractors by Mr. Gustave Kaufmann, and is broad enough to 
_ allow for variation in the method of handling details in each 
individual case. In regard to his system, Mr. Kaufmann 
says: 


“The desirability of contractors throughout the country 
adopting a uniform system of keeping their accounts is very 
great. The main advantage is that gradually all engaged 
in contracting work will become familiar with what it actu- 
ally costs them to do their work; and the very wide varia- 
tion of bids which are now submitted at almost all lettings 
will eventually be done away with. It should prevent all 
but the most reckless from making proposals below cost. If 
these very desirable results are finally attained, the con- 
tractor’s business will become a more stable one, and one in 
which banking houses especially would have more confidence 
than they have at present. 


“The uniform system adopted should be simple, inexpen: 
sive to keep, and should have wide fiexibility to permit its 
application to contracts of all kinds. The author has for a 
great many years been using a system deduced from the 
bookkeeping methods of our railroad companies, which he 
has found to be satisfactory in all respects. 

“There are six general headings into which all contract 
work must be divided. They are as follows: 


(a) Materials of Construction. 


(b) Labor. 
(c) Supplies. 
(d) Plant. 


(e) General Expense or Administration Charges. 
(f) Profit. 
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“All general heads into which any contract is classified, 
such as excavation, concrete, masonry, etc., must be sub- 
divided into such detail as may be desired, keeping constantly 
in mind the above headings. _ 

“For the purpose of explanation, it is probably better to 
take an example of actual work. Let it be supposed that the 
construction of a reinforced concrete retaining wall is to be 
undertaken, the work to consist of excavation, concrete, and 
steel reinforcement. The heading Excavation would be di- 
vided as follows: 


Labor— 
1. Excavating in Trench. 
2. Hoisting Excavated Material. 
8. Trucking. 
4. Back-filling. 
5. Shoring and Sheeting. 


Supplies— 

6. Coal. 

7 TS; bE 

8. Water. 

9. Miscellaneous. 
Plant— 


10. Cost Delivered. 
11. Maintenance. 
12. Removal. 
General Expense— 
13. General Expense. 
Profit— y bodes 
Expenditures during the execution of the work would be 
distributed as Excavation Nos. 1, 2, 3, etc. 


“Concrete could be divided as follows: 


Materials of Construction— 
1. Cement Delivered. 
Sand Delivered. 
38. Stone or Gravel Delivered. 
4. Facing Material Delivered. 
5. Lumber for Forms Delivered. 
6. Cement Bags. 


Labor— 
7. Mixing Concrete. 
8. Trangporting Concrete. 
9. Depositing Concrete. _ 
10. Making Forms. 
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11. Erecting Forms. 
12. Removing Forms. 


13. Facing. 
Supplies— 

14. Coal. 
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16. Water. 

17. Miscellaneous. 
Plant— 


18. Cost Delivered. 

19. Maintenance. 

20. Removal. 
General Expense— 

21. General Expense. 
Profit. 


“Steel Reinforcement could be divided as follows: 
Materials of Construction— 
1. Bars Delivered. 
2. Wire Delivered. 
Labor— 
3 Storing and Distributing Steel. 
4. Bending Steel. 
5. Placing Steel. 
Supplies— 
6. Miscellaneous. 
Plant— : 
7. Cost Delivered. 
8. Maintenance. 
9. Removal. 
General Expense— 
10. General Expense. 
Profit— 
“It should be noted that in each of the above subdivisions 
the general headings are always included. 


“The General Expense or Administration Account should 
be subdivided, for example, as follows: 
General Expense— 
1. Engineering. 
Bookkeeper, Stenographer. 
Timekeeper, Storekeeper. 
Telephone, Stationery, Sundries. 
Rentals. 
Legal Expense. 
Surety Bond. 
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8. Liability Insurance 

9. Watchmen. 

10. Interest and Discount. 

“In preparing a bid for work of this character, the cost 
of each one of the above items should be carefully esti- 
mated with the best data available; and the charges for the 
general expense, plant, and profit should then be apportioned 
to the various items of the work as above indicated in accord- 
ance with their relative value. In this way the unit-price 
that should be submitted for the excavation, concrete, and 
steel reinforcement can be determined. If such a method 
of computing would be adopted by all competitors, then 
there would be but little variation in their bids, and surely 
the low bidder could not be very much too low. The method 
which is used by so many contractors at the present time, 
of jumping at the price that they should submit, is one that 
cannot be too strongly condemned. 

“When the work is started, ledger accounts should be 
opened with each item as above enumerated. 

“The general expense account should be kept separately 
with subdivisions as above suggested; and then, at intervals, 
by means of journal entries, should be transferred to the ex- 
cavation, concrete, and reinforcement accounts, using the 
same percentages of the apportionment which were used 
in making the proposal. By simply adding up all the ac- 
counts of any one class and dividing them by the amount 
of work done, the cost of execution at any stage of the 
work can readily be determined. 

“The books required for such a system of accounts are 
of the simplest character, and can be purchased at any sta- 
tionery store. They consist of cash book, ledger, journal, and 
voucher book. 

“The voucher system should be used. As is well known, 
under this system all bills and pay-rolls are inclosed in a 
blank, on the back of which is a place for distributing the 
amount to the proper accounts, 

“Tf it is desirable to keep a running account with the 
parties with whom much business is done, their vouchers can 
be credited to them, charged to the voucher account, and 
placed among the paid vouchers. 

“In the case of a contracting concern carrying on a 
number of contracts at the same time, ledger accounts should 
be started with the contracts themselves, each given a num- 
ber and a subsidiary set of books kept for each contractor. 

“In order to aid in the distribution of the pay-roll, a 
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system of cards may be used, upon which are placed the 
amount of labor expended under each head for each day. 
This work is usually done by the assistant engineer from 
the reports of the timekeeper and the foreman of the various 
gangs. One set of cards is used for each week. These cards 
are very valuable for keeping track of labor costs, checking 
the pay-roll, and should, if properly kept up, prevent all 
disputes or padding of pay-rolls. 

“As can be readily seen, the above system as outlined can 
be used for any kind of contract work, the headings being 
arranged to suit the work on hand. These headings can be 
subdivided to any refinement desired by the contractor. 

“The system is very inexpensive, as it requires no elab- 
orate forms and no more help than is usually required. As 
far as the author, aided by many years of experience, is 
able to judge, it meets all the requirements that a uniform 
system of accounts can need.” 


Cost Data from Experience 


In order to show the importance of a carefully followed 
system in determining the actual costs of work, and to illus- 
trate the care used in obtaining reliable data by some of 
the large and successful contracting companies, we are quot- 
ing the following from a paper read by Mr. Leonard C. 
Wason, President of the Abertlaw Construction Co., of Bos- 
ton, Mass., before the National Association of Cement Users: 

“The writer is going to give, in the course of this paper, 
some actual job costs of various parts of building construc- 
tion from his own experience. This kind of data is usually 
guarded with the greatest of care from every interested or 
curious eye outside the firm possessing it, and often even 
from the trusted employee of the company. It is information 
usually known only to the manager or owners of a construc- 
tion company, and kept by them under lock and key. 

“A great many builders are taking up this type of cun- 
struction (reinforeed concrete) at the present time—some 
who are competent, many who are not. The novices under- 
estimate the cost and difficulties of doing good work; hence 
they bid unreasonably low, lose money, and to some extent 
demoralize the true value of proper workmanship among 
architects, engineers, and their clients. In the writer’s opin- 
ion there is no class of construction where more painstaking 
skill and often technical knowledge is required than in rein- 
forced concrete. When well done, the resulting building is | 
satisfactory to the owner beyond that obtained from any 
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other material; and when poorly done, is the least desirable, 
even if not actually dangerous. Concrete is either good or 
bad. There is no half-way state, and the difference in cost 
of materials to the builder between perfect results and a dan- 
gerous structure is only 5 per cent. Therefore there is likely 
to be serious injury done to a rapidly growing industry by 
novices, either on account of ignorance, though coupled with 
honest, well-meaning intent, or through skimping a job on 
which the novice sees he is sure to lose money. Moreover, 
the older firms in the field have little to fear from the 
beginning; because so much depends on the personal ability 
as well as experience. With growing competition, improve- 
ments are constantly being developed. The standard of cost 
is not yet fixed, but is being reduced steadily. The desire 
of reducing the present wild bidding and having only in- 
telligent competition, as well as saving some poor builder a 
loss he cannot afford, is the real inspiration of this paper. 

“Method of Collecting Data. In order to have an intelli- 
gent understanding of the meaning of the figures hereinafter 
given, the method of collecting data will first be described. 

‘In making up an estimate of the cost of a building, in 
sealing the plans, it is found convenient to take off the vol- 
ume of excavation and back-filling. The cubic feet of foot- 
ings, foundations, and walls, the square feet of forms for 
walls of foundations and above grade, the linear feet of belt- 
courses, mouldings, cornices, etc. Also the size of special 
features of exterior treatment. Similarly, the superficial 
areas of column and floor forms are measured by them- 
selves. Concrete of each different mixture is scaled off in 
cubic feet and totaled separately. Steel of each kind is taken 
off in pounds; granolithic finished surfaces, in square feet; 
and so on in detail; every item is measured. 

“As the work progresses, it is desired to know weekly how 
the actual experience compares with the estimate, and, at 
completion, to compile correctly the costs of each item to com- 
pare with estimate and to aid in obtaining the true cost of 
future structures of a similar kind. The method of account- 
ing was developed to fit the estimate. 

“In the year 1898, daily time reports were designed, hav- 
ing a number of columns’ for ease in subdividing the time 
of the workman. At the head of each column, the time- 
keeper puts index numbers or letters to show the kind of 
work being done; and below, the actual time the men 
worked. On blank spaces at extreme right of the report, 
the timekeeper inserts in writing the amount of each kind 
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of work done and the amounts of the principal materials 
used. The experience of eight years has required no change 
whatever in the principles first adopted. The only change 
in the forms has been to increase the number of vertical 
columns so that a larger number of subdivisions can be used 
without troubling the timekeeper to rewrite the names on 
another sheet. At the present time, ten vertical columns 
are used for recording time with the names of the workmen 
at the extreme left, two columns being left at the right for 
the rate per hour and the total amount. At the beginning 
of a job, written instructions are given as to howe the work 
is to be subdivided into items in the reports.” 


A standard method of classification has been adopted as 
follows: 


“The principal subdivisions are given a capital lette:. 
Thus everything whatsoever relating to concrete masonry ix 
given the index letter M; excavating of all kinds, including 
work incidental thereto, the letter D; all work connected 
with plant, the letter F; and so on, there being only six 
or seven subdivisions to indicate every building operation 

“Vowels are used to indicate the kind of work. Thus the 
vowel combinations beginning with a all relate to form work, 
as: a, centering complete; when done by separate opera- 
tions, aa is making, ae is setting, ai is straightening up or 
bracing, ao is removing after being used, and au is cleaning 
up and handling ready to be used again. 

“All labor connected with mixing and placing concrete or 
with handling materials for same, goes under the head of e; 
all work in connection with plant, receiving, erecting, tak: 
ing down, shipping, and repairing, is indicated by the vowel 
i. Thus i means receiving and setting up plant ready to 
work; ia, taking down, removing, and shipping; and ie, 
repairing. 

“The consonants are used to indicate different parts of 
a structure in which certain work is done. Under classifica- 
tion M, b stands for footings; c, columns; d, foundations; f, 
floors; g, stairs, etc. Under classification P, f stands for 
boiler; g, for horizontal engine; h, for vertical hoisting en- 
gine; I, for elevator; m, for mixer,. etc. 

“Thus our timekeeper places at the head of a column 
when he is reporting concrete floors, for the placing of forms 
Maaf; for concrete, Meaf. If a mixer is being set up ready 
for work, the report would read Pim; and later, if it was 
repaired, it would be reported under Piem, etc. 
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“This is not so complicated to use as it may appear to 
read, and experience has proved that every man who knows 
enough to keep time can use the system with a few days’ 
experience. The principle is to make the least amount of 
clerical work to the timekeeper on the job, as he has plenty 
of other work to do. 

“In addition to subdivision of time as above set forth, 
it is the duty of the timekeeper to report the number of 
barrels of cement mixed in a day, which is usually done by 
the man in charge of the mixer counting the empty bags, 
and in addition the actual volume of concrete measured in 
place. From this, knowing the proportions, it is a very sim- 
ple matter to obtain the amount of sand and stone used, 
and also to see if the right amount of cement is being used. 

“Carpenter work on forms is reported by the number of 
square feet of surface in contact with the concrete erected. 
Thus, walls are measured two sides without deducting doors 
and windows, as it is usual to let the form work run straight 
across these unless it is impossible on account of mouldings, 
in which case the framing of the opening will cost as much 
as the form work omitted. Beam floors are measured around 
the perimeter of the beam and the flat surface of the panel, 
and around the perimeter of the girders. No deduction is 
made for the loss of area by the intersection of beams 
and girders, and small openings in the floor are not deducted, 
Anything as large as an elevator or stairway is usually de. 
ducted. Form work for columns is measured for entire area 
nf surface contact between wood and cement, all four sides, 

“The reports are made out on’the job, daily, and sent ta 
the office. The bookkeeper works these reports up into units 
of measurements, such as Cost of Labor per Cu. Ft. of Con. 
crete, No. of Cu. Ft. of Concrete per Barrel of Cement, No, 
of Sq. Ft. of Form Work Erected, etc.; and from this it is 
easy to obtain the unit-costs. The bookkeeper can take the 
reports of four or five jobs, employing in the aggregate 
five or six hundred men, and in a single day work up the 
complete report for a week’s time. Thus it will be seen 
that there is really little extra labor involved in the sub- 
dividing of reports into a useful form over merely report- 
ing the time so that the pay-roll can be accurately made. 

“Materials received on the job are reported on cards 
printed for the purpose, listing the principal materials which 
are reported, in order to save work of the timekeeper in re- 
porting materials accurately. 

“When a job is entirely completed, and the ledger ac- 
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count is closed, a master card is worked out, giving the com- 
plete history of the cost. On one side of the card are writ- 
ten the items which went into the original estimate, such as 
excavation, back-filling, footings, foundations, columns, floors, 
walls, stairs, etc., etc. In parallel columns is placed the 
actual amount of the estimate, with the actual experience, 
reduced to cost units such as cubic feet, square feet of form 
work, etc., and the percentage of profit or loss between the 
estimate and actual results. 

“On the reverse side of the card the principal items are 
worked out more in detail. Thus form work is reduced to 
cost of labor, lumber and nails, wire or other sundries used 
in the forms, per sq. ft..of surface. Concrete is itemized into 
the superintendent’s general labor; labor of mixing and plac- 
ing; cost of cement, sand, stone; miscellaneous expenses, 
such as teaming, plant, and other general items, reduced to 
cu. ft. measurement, which makes the total cost of the 
concrete in place in each division of the building itemized for 
ready reference when making up future estimates on work 
of a similar character. 

‘It is well known that the costs of materials and labor 
in different parts of the country. vary somewhat. Having 
the unit items all subdivided, as above stated, into their 
elementary parts, it is an easy matter, after determining the 
cost of materials in any locality, to make the exact cor- 
rections to the results obtained on a previous job. Similarly, 
when a difference in the rate per hour for wages is known, 
if the same efficiency is obtained from the men, it is very 
easy to make a-correction; or, if the efficiency varies, judg- 
ment must be applied to determine the correct rate to use. 

“It has been the writer’s experience that, although the 
rate of wages and cost of materials vary somewhat in differ- 
ent parts of the country, the variations frequently offset 
one another so nearly that the sum total of the unit-cost 
obtained in one place may be used in another, very seldom 
needing correction. For instance, after careful investigation, 
a bid was recently made on a structure at San Juan, Porto 
Rico, using the same unit-costs as for a building in Bos- 
ton. In the report that is given, the costs relate to strictly 
first-class material and workmanship in every case, as it 
has been the endeavor of the writer to establish and main- 
tain one standard for all work. The variations in cost due 
to different mixtures of concrete can easily be allowed for 
by reference to tables given elsewhere (see section on ‘Con- 
cret’ Construction’). In general, would say that the stand- 
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ard mixture for all floors has been either 1:3:6 or 1:2:4, 
if the floor is subjected to extremely heavy loads and serv- 
ice. 
some cases where they are very heavily loaded, a richer 
mixture is used. As these mixtures are common to nearly 
all construction, the costs here given may be applied with 
little danger of error from neglecting the mixture on any 


Walls are mixed 1:3:6, and columns usually 1:2:4; 


work. 
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Filter, Lawrence, Mass.........+.- 443¢ 112.84 2.54 
Warehouse, Portland, Me.........- | 62 2 2.99 7.47 
Bisnanine, Attleboro, Mass........ cas} 1993¢..° 1.547.00 CAE 
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“Of course, it can be readily understood that in the 
large number of jobs which have entered into the averages 
given, there being as many as eighteen in the case of beam 
floors, different methods of conducting the work have been 
used, and many different foremen. Therefore, while the 
general average is doubtless safe for any work of an aver- 
age character, some latitude may be allowed the judgment 
in determining whether any specific case is likely to be diffi- 
cult, easy, or average. The -writer has found quite a differ- 
ence, for instance, in cost of identical work handled by 
different foremen, due to the personal equation of their 
painstaking supervision and ability. 

“In Table I, only typical jobs are given, whose results 
are correctly known. The figures for the highest, lowest, and 
average totals in the fourth and last columns are taken from 
the vertical column in which they stand, and have no relation 
to the other figures in their horizontal line. 

“By reference to the general average on form work in 
the tables of forms per square foot of surface contact— 
namely: columns, 3.13; floors with reinforced concrete beams, 
$.116; flat floors without beams, $.111; short-span slabs be- 
tween steel beams, including the fireproofing on the sides 
of the beams, $.095; walls exposed to view above ground, 
$.128; foundation walls, $.108; mass foundations, $.093—the 
writer believes all higher in price than usually believed to 
be a fair cost by the majority of builders. It is upon the 
success of handling forms that good results financially de- 
pend. 

“In regard to concrete, labor is the variable item which 
must be carefully considered. Anyone of intelligence can 
make a careful estimate of the materials to be used; but 
note the average prices per cubic foot, of labor—namely, for 
columns, $.123; beam floors, $.131; flat floors, $.106; floors 
between steel beams, $.121; walls, $.106; foundations, $.091; 
and mass work in connection with buildings, $.052. Not 
until the last item is-reached is a price obtained in ex- 
perience which, according to the observation of the writer, 
the majority expect to obtain in building work in general. 

“Many men who have had wide experience in handling 
large quantities of concrete in mass have at times attempted 
a lighter type of construction and been greatly surprised 
at the large expense connected therewith. It has come 
to the writer's notice a number of times, that men with 
this experience have added 50 to 100 per cent to the cost of 
mass work, and felt that they were amply covered for light 
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structural work. The fallacy of this can be seen by a very 
recent experience of the writer’s. In building a dam across 
the Connecticut river, about 5,500 cu. yds. of concrete were 
placed. Cement and aggregates were received on a bridge 
abutment 26 ft. above the river. Aggregates were dumped 
upon an inclined chute, where they were to be washed; 
and from the end of the chute, they fell into bins, from 
which they were drawn through measuring hoppers into a 
mixer, and dumped from this into tram-cars 4 feet above the 
water. The total expense for labor of washing, charging, 
mixing, and dumping into the cars, was only $.12 per cu. 
yd., and, for moving it in cars an average distance of 700 
ft., dumping, and placing, was only $30 per cu. vd... Of 2 
total cost of $.0155 per cu. ft. 


“The table of steel omits entirely the first cost of the 
material. After it is received at the site of the work in 
the shape sold by the manufacturer, these prices cover 
the cost of fabricating into units for columns or beams, 
bending the stirrups, placing, and all incidentals whatso- 
ever prior to the actual embedding in concrete. In the 
case of the highest cost, a coal pocket, there was very 
limited storage space; 114-in. bars had to be bent diagonally 
so as to pass over the top of the support at columns; and 
there were numerous stirrups, all of which had to be made 
by hand. The job was too small to justify any mechanical 
arrangement for bending or for handling material. The next 
highest, an office building, Portland, Maine, there was a suffi- 
cient amount to require proper machinery. The hoops for 
columns were all welded. The vertical bars were all wired 
inside of these hoops. There was a mushroom head of 
bent and circular bars wired together at the top, and great 
numbers of long bars of small section spread in all direc- 
tions over the floor. The lowest price, a filter at Lawrence, 
was made entirely of straight bars placed loose, the only 
expense being cutting them in a hand shear to length and 
placing them. 

“Table II shows an exact copy of a master card, which 
gives the complete financial history of the job when it is 
finally completed. It will be seen that on some items a loss 
was incurred, as well as a profit on others, showing that it 
is difficult, even on work in which a company is fairly ex; 
perienced, to reach the right price on everything; and also 
that when slight changes are made by the owner or archi- 
tect, they often entail heavy loss, even though the changes 
appear to be extremely trivial. Take the case of the ex- 
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TABLE Il 
Typical Master Card of Cost Data ~ 
Job No. 747. Date, May 24, 1906. Mill, Tappan Bros., Attle- 
boro, Mass. 


Proposal| Actual | Per, | profit | Loss 


7 Ti gescesersiionse cede} SO0jGE DOISOL OSU .A0cweeneinas cin $3,834.07]......-. 
Total..... one é $3) 790.00 $33.1 b3i 


TON nec atecs saesaeeeeee ay O2Ume tee ee Seach SimSacds 
pacers ny fPicccccsecstcmecl 2,728.00] 1,083.57 * wail a 704: 481 ane. eee 
er sq. iy 
ior’ aoe 1,955.00] 2,162.02 AN igs ste cee 207.02 
Wola pees ‘| 11520:00] 3'630.08 125 a 2 110. 08 
Floors, 636 in. thick I] giggs.oo| 61544: : 2°338.84]., 
Roof, 5% in. thick... ‘| 2,869.00 : 1237 t iss. 49|- 


20220 iDeseseeeee] 982.00 
Hin pas poimennia se | ie 97) 


Tool surface....se...seeecreee 469.00 
Ornaments and cornice ...... 348.00 
Ventilators on roof........... 44,00 


Set windows and door frames. 852.00 


Interior partitions.... 1,770.25 
Bolts and iron work.. 253.00 
tair Railing and grill. 387.00 
Screens and setting .......... 1,086.00 
gan. spr. — a wee ae | Ls.0 
-in. maple and laying.. 1738. 
Motor shaft.....cseccsscccses 379.50 
Motor shaft found............ 98.00 
Roofing and Celie 1,255.00 *prstoas: 
er sa. ft. 
Paving......... Scsgeceddvecceett) 2,009.00 647.54 -094 5) 1 Bae 
eres wall centers, per 
Recining wall concrete, per 
Painting......sscsccecsefeceee 
Sheet footings _ ape See 
Fant, FTE. OUOie a ccc conacesins 


i Sac acce PORNO ere eeeenerees 


aan boss Gas cre FeSO RS 


ternal walls. The owners furnished the window-frames and 
sash, which were all of metal. The original design was for 
a frame with two sash, which could easily be put into a 
6-in. wall. They later decided, for greater fire protection, to 
use four sash. This required an 8-in, wall instead of 6-in.; 

the form work on the inside had to be built inward, and 
the space under the windows paneled to save material. To 
save making a very narrow panel at the side of the window 
which would have cost more than the concrete saved, the 
Space was filled up solid so that the columns appear to be 
wider than they were actually figured. This slight change, 
which did not appear great at the time, when the job was 
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entirely complete caused the concrete on the walls to show 
an actual loss instead of profit, and made the form work 
cost pmOre than twice what was originally estimated it should 
cost. 

“Regarding the tooling of wall surfaces, it was originally 
planned to do this when the cement was less than ten days 
old; but, on account of the various changes, forms had to 
be left on a considerably longer time, and it was incon- 
venient to tool the surface until the cement was so thor- 
oughly set that the cost of dressing was considerably greater 
than was first anticipated. Again, by reference to the %-in. 
maple floor which was placed upon the concrete construc- 
tion, a cost of $89.44 per M board feet will be observed; 
but additional repair work on floor after it was laid cost 
$248.50, or $12.42 per thousand. This was due to the fact 
that the owners did not deliver or set the window-sash at the 
time agreed, and therefore the maple floors lay exposed to 
the weather in the building for several weeks, swelled, and 
after laying, shrunk, leaving large cracks which the owners 
insisted on being filled before they would accept the work. 
These indicate how matters which appear trivial at the time 
may cause serious loss if overlooked. 

“As geen from the large list of items entering into the 
estimate as given by this master card, there are various 
items of cost entering into the construction besides those 
which are enumerated. Nevertheless, the matter of the 
forms, steel, and concrete covers by far the largest pro- 
portion of the cost of a reinforced concrete structure; and 
the minor items are those which are peculiar to each individ- 
ual case, and which any person can easily estimate for him- 


yelf.” 
QUANTITY SYSTEM OF ESTIMATING 


A Plea for a Better System of Estimating the Cost of 
Buildings 
Abstract of an address delivered before the General Con- 
tractors’ Association, of San Francisco, Cal., April 10, 1918, by 
@. Alexander Wright, Architect. 


The ever-increasing amount of unproductive time, and 
usually money, which contractors are called upon to expend 
in gratuitously preparing quantities as well as prices, often 
for an owner’s benefit, suggests that the time has arrived 
when all concerned should take up, and seriously consider, 
the possibility of adopting a modern and more sensible system 
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of estimating, such, for example, as has been long in suc- 
cessful operation in older communities. Not a mere copying 
of such methods, for I advocate the creation of a standardized 
method of our own—an American system, practical above all 
things; a system that will be in line with our otherwise pro- 
gressive building methods; a system that shall be clear and 
accurate, and that shall stand for square dealing between 
contractor and owner—in short, a system that shall give every 
man his due, no more and no less; one that will reveal to the 
bidder, at a glance, the actual quality of material and labor in 
a structure, in any individual trade. 

When bidders are invited to submit bids they are the- 
oretically asked, of course, to submit competitive prices; but, 
in actual practice, their bids are based upon competitive 
quantities, before the competition in prices commences— 
which, in my opinion, is as unjust to the contractor as it is 
ridiculous. A building can contain only a certain amount of 
material, and no amount of figuring by contractors against 
one another can make that quantitiy any more or any less. 
Where, then, is the sense in a dozen or more general con- 
tractors competing against one another in taking quantities? 
One or more bidders, through being hurried or being unable 
to take off the quantities accurately, leave something out. 
What happens? Their bids are consequently low, and the 
owner benefits, at the low bidder’s expense, whilst the com- 
petent or more careful bidder loses the job, because his quan- 
tities are more accurate, or because there may have been 
room for uncertainty when figuring the plans and specifica- 
tions. 

Not long ago, a general contractor (whom I have known 
over twenty years) told me that if contractors figured to do 
competitive work just exactly as plans and _ specifications 
called for, a man would not get “one job in itty.’ INOw, sf 
this is true—and personally I believe it is—there is some- 
thing very rotten in our methods. In my judgment it lies in 
our antiquated estimating practices. 

Those of us who know something of the unsatisfactory 
conditions under which bidders are often obliged to figure, 
time after time without result, have realized that hundreds of 
thousands of dollars in time and money are taken from con- 
tractors’ pockets every year, simply because they do not, so 
far, limit competition between themselves to the matter of 
prices. They go on competing, and I suggest gambling, with 
one another as to the quantity of material a building will take; 
whereas I contend that that is a question of fact, and that com. 
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petition in the quantities between contractors never can and 
never will, in any way, change the fact that a certain fixed 
quantity of material and labor is necessary to do every job. 
There can be no legitimate competition in taking off quantities 
of materials, except that unfortunate competition which bid- 
ders make themselves when they take off too much, or, as too 
often happens, too little. 

The legitimate competition can come in only where one 
man can handle a job better than another, or one man may 
have some advantage over another in buying, and so forth. All 
this kind of competition is legitimate enough, but it must be 
obvious that no amount of figuring can reduce the real quan- 
tity of material which a building will take; and so my con- 
tention is that it would be proper and fair to start all bidders 
figuring upon the same basis, by furnishing each with a sched- 
ule, or bill of quantities showing accurately and clearly the 
different quantities and kinds of materials which the bidder 
is invited to figure upon; and even then there would be plenty 
of competition left, in placing profitable prices against each 
item. 

Our present method (or rather, want of method) in esti- 
mating, and the rapid strides being made in construction, are, 
as I have said, forcing upon the contractor, more and more 
every year, an increasing waste of time and money in figur- 
ing out quantities. This senseless waste and competition can- 
not go on for ever. It has already brought men to bankruptcy 
all over the country, and has often prevented the making of 
a proper and legitimate profit among those who do succeed in 
keeping their heads above water. 

This is a live question, and it deserves the earnest con- 
sideration of all contractors’ associations and architectural so- 
cieties from the Atlantic to the Pacific Coast. 

No new or untried principle is involved. It is simply that 
of a definite quantity of work for a definite amount of money. 
In substance the owner says, “I want this quantity of work 
done. The drawings and specifications show you how this . 
quantity of work is to be assembled or put together: Now, 
tell me how much money will this cost? I want you to do 
the quantity of work called for; no more, no less.” 

At present, the successful bidder often says, in effect, to an 
owner, “I will erect your building according to plans and 
specifications ;”’ but—mentally—he says, “I do not figure that 
it will take as much flooring, concrete, plastering, or painting 
as my competitors think it will!” Let me ask, Is this a proper 
or fair competition between contractors themselves? Is it fair 
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to their own interests? There is only one individual who 
stands to gain anything under such imperfect methods—the 
owner, and not always he. 

It may be stated that the Quantity System is equally 
applicable to engineering works, such as railroad work, sewer- 
age disposal schemes, canals, pumping stations, etc. 

Before proceeding to a further consideration of this sub- 
ject, I may be pardoned perhaps for expressing the opinion, 
after having had over twenty years’ intimate experience with 
the workings of the Quantity System of estimating, and over 
another twenty years in San Francisco (without any such sys- 
tem), that I know of nothing in connection with the work of 
the contractor that would be more beneficial than the adoption 
of some equitable recognized system of estimating upon bills 
of quantities, and these latter would be equally valuable, 
whether sub-contracts were eventually let or not. 

In the year 1909 a conference was held in Great Britain 
between the National Federation of Building Trade Employ- 
ers, the Institute of Builders, and the London Master Build- 
ers’ Association; and a resolution was adopted recommend- 
ing contractors who were members of these powerful or- 
ganizations to decline to bid in competition against one an- 
other unless bills of quantities were supplied for their use at 
the owner’s expense. A deputation from these contractors’ 
organizations afterwards attended before the principal body 
of architects, who promised to further the aims of the con- 
tractors as far as was within their power; and to-day the 
Quantity System-is in full operation, not only in the case of 
private owners, but in all building work for government and 
municipal authorities, and upon the principle that it is im- 
possible to obtain accurate bids without accurate quantities. 

Now let us consider, for a moment, a few of the disad- 
vantages of existing methods: 


First—The time usually given for figuring is far too short 
‘for the accurate taking-off of quantities, in addition to the 
pricing and figuring-out of the many items. <A bidder usually 
has contract work in progress, and other matters to be at- 
tended to during the daytime; other plans are to be figured 
by a certain time, and but little can be accomplished ‘in the 
eight-hour working day; and so advantage must be taken of 
the night hours, sometimes all night, and even Sunday (as I 
happen to know), and any other time. Only those who have 
worked under these conditions and over blue-prints at night, 
hour after hour, taking off items, can appreciate the many 
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difficulties, pitfalls, and liabilities to error through figuring 
against time after the real work of the business day is over. 
But the plans must be returned first thing in the morning, or 
the bid must be in by a certain hour the next day. Nothing 
but hurry—hurry—hurry. In not a few cases, more informa- 
tion is necessary; something is not quite clear. The plans 
and specifications do not agree on some point. Which is 
right? There is no time to find out, the only person who 
can enlighten you is asleep, perhaps; while the careful esti- 
mator is burning the midnight oil, and wrestling with prob- 
lems which can be avoided and entirely eliminated under a 
more modern system of estimating. 

Again, the careful bidder who honestly tries to get in all 
the items, and figures to do the work as called for, is fre- 
quently beaten by a less competent bidder who forgets some- 
thing, or who, maybe, is willing to take a chance anyway in 
order to get the job. True, omissions in lists of materials 
are sometimes unavoidable, under existing methods, which 
unfortunately aim at speed rather than accuracy. 

It is, to say the least, disappointing to a careful bidder on 
a large job to find his bid just above the lowest, and after 
the low man has signed up the contract, it develops that the 
painting, or some such item, was left out. This, however, 
could not occur with the Quantity System. 

The competent bidder who gets in all his items today is 
usually under a disadvantage, unless he happens to be figur- 
ing against men of his own stamp. Meanwhile it would ap- 
pear that the chances are in favor of the owner most of the 
time, and it seems to be a case of “Heads I win, tails you 
lose.” 

The existence of present conditions, whilst much to be re- 
gretted, is due to a blind continuance of early-day custom. It 
is in no way up to date or conductive to progress. It is 
entirely unsuited to modern construction and modern methods. 
The tallow candle, years ago, was a great invention, but how 
many of us would light our homes to-day by this method? 
And yet our estimating methods of to-day date from the 
same identical period as the tallow candle. Other countries 
have long ago graduated from such primitive methods; but we 
are content to stand still, and we are, in this respect, away be- 
hind the times. It seems to be almost inconceivable that 
shrewd business men are still willing to spend their time, all 
going over the same ground, figuring against one another on 
quantities, knowing all the time that they are all, save one 
(and sometimes even that one), simply wasting their time. 


50 RADFORD’S ESTIMATING AND CONTRACTING 


By the adoption of some sensible system, all this quantity - 
taking could be done by one competent person. 

The great difference we find in bids arises, in my opinion, 
not so much in the prices or money values placed against the 
quantities, as it does from errors in the quantities themselves, 
the accurate preparation of which calls for special training 
end continuous concentration of mind, which the busy con- 
tractor of to-day can seldom find time to acquire. 

Now we shall investigate a. Bill of Quantities, such as we 
are considering. What is it? And how is it used? 

First of all, it is a document, handed free of expense to 
each bidder, lithographed or similarly duplicated, in order that 
all bidders’ copies may be exactly alike. It will contain 
everything which it is essential for a contractor to know 
when making up a figure, with a separate section for each 
trade, such as excavation, concrete, brickwork, and so forth. 
A general summary is provided at the end of. the bill, in 
which is entered the net cost of each trade; this summary 
is footed up, the profit the bidder expects to make is added, 
plus the cost of the quantities, the result being, of course, 
the amount of the bid. 

The methods of measurement must conform to the stand- 
ards used by each individual trade, and through. the bill the 
greatest care is taken to have everything systemized; all 
cubic, square, and linear feet, and numbers of items, will be 
found all together under their respective heads. In this way, 
immediate reference may be made to any item required, even 
though the entire bill may contain hundreds of items; and so 
every item has its proper place—nothing is left to chance. De- 
tail sketches also appear in the margins whenever necessary, 
to show a bidder at a glance what is required. These, as we 
know, are of more value to an estimator than the long written 
descriptions one sometimes finds in specifications. The key- 
note of the Quantity Surveyor is accuracy. In going through 
the drawings and specifications he has come across all those 
doubtful questions which always crop up when figuring under 
present methods. He will have taken them all up with the 
architect, and adjusted them, before the quantities are handed 
to bidders; so that everything is all plain sailing. 

Nothing is “near enough” for a Quantity Surveyor—he 
scrutinizes every part of the work closely, clears up any 
doubts, or anything capable of a double interpretation; and 
his work leaves no loopholes for either the owner, the con- 
tractor, or the architect to take advantage of. The result is 
that it is seldom necessary for a bidder to ask questions of 
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the architect when making up a figure. If he should wish to 
do so, probably he would be referred to the surveyor, who is 
familiar with every minute detail of the work. 

Further, and right here, lies one of the greatest advant- 
ages of the Quantity System. It is not necessary, except in 
a general way, for a bidder to study the drawings and speci- 
fications at all, and he certainly does not have to figure them. 
He simply prices the bill of quantities; and, in these days of 
hurry and bustle, this is as much as a contractor can be ex- 
pected to do for nothing. This enables the competent con- 
tractor (the one who has unit-prices at his finger ends) to 
_make up a bid for, say, a $100,000 building in a few hours; 

and he has the satisfaction of knowing, when the unit-price 

is placed against each item, that nothing has been forgotten; 
in other words, he contracts to furnish only so much ma- 
terial and labor—and surely this is absolutely right in prin- 
ciple. Good reasons exist why the general contractor should 
have faith in his own judgment and accustom himself to 
price items in every trade that goes to make up the building 
business. It is the only consistent method of estimating for 
anyone who claims to be a general contractor. Experience 
has taught most competent men that it pays to do it. The 
mere getting together of figures from sub-bidders, and foot- 
ing up the totals of the lowest, is not estimating at all. That 
is mere schoolboy work. However, I am led to believe that 
this is now the exception among general contractors in San 
Francisco, rather than the rule. The ideal contractor is the 
one who makes up his own estimates, and not he who is de- 
pendent, for any reason, upon sub-contractors, who thus be- 
come the real estimators. If every general contractor would 
keep a prime-cost book of all trades, and quantities were sup- 
plied to him, he would soon be in a position to give a fairly 
close figure upon any sized structure without first taking sub- 
bids; and this, I suggest, is the most consistent, satisfactory, 
and profitapie method to pursue when bidding upon work as 
a whole; but of course it requires care and experience. 

Further, one of the greatest arguments in favor of letting 
contracts as a whole is, of course, the fact that a general con- 
tractor has the ability to figure all trades in his own office, 
and that he knows how to, and will, supervise the work of 
sub-contractors, if any. If architects can be assured of this 
being done, it will be better for all concerned. 

In general practice I believe the accuracy of the bill of 
quantities should be guaranteed. Such a document might 
well be made the basis of the contract, equally with the draw- 
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ings and specifications; if this were done, the chief cause of 
disputes between owner and contrac or would be removed. 

This, I submit, is entirely logical and right—a certain 
quantity of work for a certain sum of money, the owner to 
determine the former, and the contractor to fix the latter. 

It may be asked, Where are these competent surveyors to 
be found? And it would be a natural inquiry, as it is no part 
of the duty of architects to prepare such quantities. In fact, 
the relation of the architect to the contractor should preclude 
him from having anything to do with furnishing quantities. 
This should be attended to by a disinterested specialist— 
the Quantity Surveyor. In older countries, young men of _ 
education are now apprenticed to practicing surveyors, and 
it has become a recognized profession. Years ago these 
quantity surveyors frequently came from the ranks of the 
architects; others possessing the necessary education were 
possibly contractors, building superintendents, or estimators. 
I have known contractors’ representatives who commenced 
life in the workshop, who, after securing the advantages of 
special training, made experienced and very competent quan- 
tity surveyors. There must be a beginning to everything; 
and doubtless there are many men in this country who, after 
some little training in the technique of this work, should make 
reliable quantity surveyors. The principal qualifications are 
honesty of purpose, and a knowledge of architecture and con- 
struction. The surveyor should be a neat draftsman and have 
actual experience in conducting building operations. He 
should possess the ability readily to detect discrepancies or 
conditions which might give rise to misunderstandings during 
construction; and, last but not least, the necessary mentality 
to act disinterestedly. He must do what is right in measur- 
ing, as between the contractor and the owner. The usual 
custom is for the architect to furnish the quantity surveyor 
with a set of the drawings and a draft specification; and the 
latter then commences work in his own offices. During this 
period the architect and surveyor are in frequent consulta- 
tion, to the end that all uncertainties are cleared up and ad- 
justed upon the drawings and specifications. In short, no 
effort is spared to obtain perfect clearness and accuracy be- 
fore bidders commence figuring. 

Such uncertainties are bound to crop up; they are un- 
avoidable. They nevertheless perplex the contractor when he 
is figuring, and his foreman on the job, and create unneces- 
sary trouble and sometimes bitter disputes; and then, in such 
cases, one of the parties to the contract is usually a loser. 
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Now that we have briefly considered the qualifications of 
a quantity surveyor, let us take note of what the preparation 
of a bill of quantities involves. It may well be said that 
during the last forty years it has been brought to a mathe- 
matical science; and yet it is really surprising what a vague 
idea exists concerning the methods, objécts, and uses of the 
Quantity System. The fact remains, however, that, where 
the system has been adopted, responsible contractors refuse 
to figure without it. Some day that will be the attitude of 
contractors in this country—when they fully realize the folly 
of wasting their time and money in competing against one 
another on quantities as well as on prices. 

But to return: Three distinct processes are involved, and 
each process calls for different operations. 

First—Taking off and entering every item (or dimension, . 
as it is called) upon the dimension sheets. This is always 
done in exactly the same order, in every building. No di- 
mension, however small, is omitted; no guesswork of any 
kind is permitted. The exact location in the building of every 
dimension taken is carefully noted, and every figure or note 
is carefully preserved for future reference. 

It is impossible to illustrate here the work in detail in- 
volved in taking off each trade, but the following may serve 
to show the general idea: Let us follow a surveyor for a 
moment in taking off his dimensions for a few items of, say, 
common brickwork. He always commences taking dimen- 
sions at the same point on each floor-plan; every length of 
wall from one angle to the next is measured separately, and 
the dimensions entered in “waste,’’ as it is termed. We shall 
assume that it takes, say, 14 dimensions to go clear around 
a building. These 14 dimensions and their locations are per- 
manently recorded, footed up, and the total linear feet is then 
placed immediately below this, and a line drawn across the 
column to separate it from the next item. The dimension 
is “squared;” that is, the number of square feet these figures 
represent is figured out; and, opposite to the total, we find a 
description, thus, for example: “21-inch wall of standard com- 
mon brickwork: laid up with lime mortar and Portland ce- 
ment, gauged three to one, pointed with flat joints one side 
for whitewash, and raked out the other side for cementing.” 

In good practice it might be best to give the number of 
square feet superficial of wall, and give the thickness. The 
~same method is adopted with each story, with its varying 
thicknesses of walls, every dimension being entered in pre- 
eisely the same order, with its particular location noted. 
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Then we come to deduction of openings. Those with in- 
side and outside reveals (as in the case of box-frame win- 
dows) are taken separately; door openings the same. Those 
of one size and one thickness of wall are “timesed,” as we 
say, and entered in the dimension column, so: ‘Dat. o/> 
feet 9 inches x 7 feet 13 inches, outside wall, fifth floor.” 

Then should follow an item, extra labor, “to so many 8- 
inch common brick segment arches in say three half-brick 
row-locks to 4-foot 6-inch openings with 3-inch rise in 8-inch 
wall, include for cutting skewbacks, etc., and for wood-turn- 
ing piece and setting and striking.” In case richer mortar 
was specified for arches, it would be so stated, and the pro- 
portions. 

When rough cutting to brickwork is required, every 
square foot of it would be measured. Brickwork in footings 
or foundations, or walls below ground or at unusual heights, 
should be all segregated and given separately, with full des- . 
criptions. 

Such items as the following are then taken by the square 
yard or square foot—namely, selected common brick facing. 
If joints are struck and cut (as face work), it is taken as a 
separate item, as should be the case with any portions that 
are to be pointed with special or colored mortar. Cementing 
by the square yard if on ordinary plain surfaces; but if in 
widths of 12 inches or under, then this is separated and taken 
by linear foot; should this work occur on circular surfaces, it 
would be so described, kept separate, and the radius given. 
Linear dimensions are taken of all rough splays and cham- 
fers, flues, pointing to flashings, projecting courses, with the 
number of miters, splays, or stops in same; brick sills, with 
the returns, are numbered, if any. The labor of forming 
quoins, square or splayed, and (in certain cases) the linear 
feet of plumbing angles and reveals might be taken; also 
leveling up for joists, bond iron, and the like. 

The foregoing applies to common brickwork, as before 
stated. Now, where “face” brick are used, the entire surface 
of such facing is measured by the square foot, including 
reveals and soffits (but openings deducted), the kind of mortar 
and the labor of pointing being given. Here would be taken 
such items as face arches. Fair cutting by the square foot 
on same principle as mentioned for common brickwork. Then 
come linear feet of each course, of which figured sketches 
should appear. Raking moldings or belts separate; then fol- 
low the number of external, internal, raking, skew, or other 
miters; also square ends, ete. (if any). All other linear feet 
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‘items follow in their proper order, and then, in a similar 
way, concluding with numbered items, which would be des- 
cribed and (if necessary) sketched in the margin. I am 
aware that this is but a very elementary illustration of the 
detailed method of taking off; but the principle applies 
throughout every department, in every trade, from the ex- 
cavator to the painter, but it would be too great an under- 
taking to go fully into details here in each case. 

Surveyors’ quantities are usually measured net, and it is 
so stated in the preamble of the bill—upon the understand- 
ing that the unit-price for each item is to be made by the 
contractor to cover trade customs, etc., which differ in each 
locality. 

The before-mentioned dimension sheets are usually 
checked over with the drawings by a second person, and then 
all totals are abstracted; that is to say, they are transferred 
to abstract sheets, under separate headings. In this way many 
similar items of the same value are collected together and 
footed up and checked. This reduces the number of items 
appearing eventually in the finished bill, which is written di- 
rectly from those abstract sheets; and any further sketches 
or descriptions necessary for the bidder to understand thor- 
oughly what is required of copies of these bills are litho- 
graphed, or otherwise duplicated; and a copy is sent by the 
‘surveyor to the list of prospective bidders, whose names and 
addresses have been previously furnished him by the archi- 
tect. 

Some of the advantages of the Quantity System of esti- 
mating to the contractor are as follows: 


1. Saving of time and money. 

2. Greater precision in measuring. 

3. No uncertainty as to interpretation of plans or speci- 
fications (the quantities should govern). 

4, No visits to the architect’s office when figuring, for 
explanations or otherwise. 

5. No other work is contracted for except the quantity 
set forth in the quantities. 

6. The contractor, if he so desires, can check up the 
quantities before signing a contract. In an American system 
of estimating, the quantities should, I think, form part of the 
contract. 

7. No bidder can inadvertently leave out anything, and so 
in this way arrive at too low a figure. 

§. Not having to spend time taking out his quantities, 
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the contractor has time to attend to more profitable busi- - 
ness. 

9. Systematically arranged bills of quantities duly priced 
(whether work has been secured or not), form excellent data 
for making future estimates. 


Before an American system can be put into operation it 
will be necessary: ; 


First—That a committee of representative contractors be 
selected to standardize a method of measurement to be uni- 
versally followed by all contractors and architects. 


Second—That competent men, mutually satisfactory to 
contractors and architects, be retained in such numbers as 
the volume of work may demand. These men, or quantity 
surveyors, could be placed under bond covering their compet- 
ency and integrity until they have been proved and assured; 
such appointments to be permanent, except for good cause; 
the compensation of these surveyors to be fixed at a certain 
percentage upon the total of each estimate, each biader, of 
course, adding this amount to his bid. 


Third—I svggest, also, that a law be passed requiring that 
a bill of quantities be furnished (free of expense to bidders) 
upon all State and other public buildings. Such a law is 
actually in effect in the State of Pennsylvania, and has been 
since 1895. It does not, however, go quite far enough, as the 
quantities furnished have no guarantee as to their accuracy. 


Fourth—In connection with the Quantity System I advo- 
cate the creation of a technical tribunal or court of arbitra- 
tion where nothing but building suits and disputes shall be 
determined and adjusted. Such court should be presided 
over by a specially selected judge and at least two other per- 
sons of practical experience in the actual construction of 
buildings and in estimating the value of builders’ work, and 
familiar with building trade methods, terms, processes, and 
customs. I maintain that such technical matters as building 
construction, values, ete., should not be decided solely by 
technical law, nor by laymen alone, however skilled in other 
ways, notwithstanding the custom of calling expert witnesses 
before them. I consider that it would be an advantage to 
disputants if a majority on the bench had a first-hand prac- 
tical knowledge of building construction and methods, such 
as I have indicated, where technical disputes might be de- 
termined in a few days, once and for all, and without de- 
lays, which only tire the contractor out and thereby force 
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him to accept a settlement more or less unjust from a prac- 
tical standpoint. 

I am hoping shortly to see a committee appointed in every 
building employers’ organization in this country, to take up 
and seriously consider such matters as I have touched upon 
this evening. Nothing, in my judgment, will tend to elevate 
the building business and to promote a feeling of mutual 
confidence and respect between the architect, the contractor, 
and the owner more than the Quantity System of estimating, 
which, as I think I have shown, aims at absolutely square 
dealing between the man who pays for the structure and the 
man who builds it, 


Construction Contracts 


As the result of a great many centuries of experience, it 
has been found of advantage to do a very large percentage 
of the total. business of the world by the contract method. 
In its essentials, this method consists of an agreement em- 
bodying the amount of the compensation to be paid, on the 
one hand, and the amount and quality of the performance, 
on the other. In the simplest forms of business, where there 
is a cash transaction to be carried out, a man can buy a 
horse or a suit of clothes, the transaction taking place by 
delivery, without what we are here considering as a formal 
contract; but, even in its simplest cases, there must be an 
understanding before the parties actually do business, and 
this understanding constitutes a contract. 

When a man employs a carpenter to work for, say, $3.00 
a day, the arrangement—whether verbal or written—under 
which the carpenter goes to work, usually means that he 
is to comply with the instructions of his employer as to 
what work he is to do and how he is to do it, in consid- 
eration of which he receives $3.00 per day; and the employer 
is under obligation to pay the $3.00, and to confine the na- 
ture of his instructions and requirements to the limits of 
the usual practice in his neighborhood and in the particular 
trade to which the man belongs. This is a contract in which 
the $3.00 per day is a stipulated feature. The implied fea- 
tures are one of the great troubles—and necessary troubles— 
in the economic administration of business of this kind, be- 
cause, as a general thing, the parties in interest never have 
exactly the same idea of what the implied features are; 
and, moreover, it is frequently the case that the clauses in a 
written contract, as well as the intentions of the parties, 
are subject to differences in the interpretations that may be 
given them by different people. 

There are two principal ways of looking upon a contract. 
It may be considered as a legal instrument pure and simple; 
or it may be considered as a business arrangement, entered 
into for the purpose of making money, by two or more 
parties, for their mutual financial benefit, but never for the 
exclusive benefit of either party, since the fundamental basis 
of the administration of business law is that a man shall 
not be obliged to enter into an agreement unless he con- 
siders it to his interest to do so. A contract cannot be prop- 
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erly considered under either of these points of view with- 
out taking into consideration the manner in which it must 
necessarily be affected by the other. In this discussion, the 
consideration of the contract as a business arrangement is 
made the fundamental one, and its legal status has been 
discussed only so far as it affects the practice in an economic 
sense. 

Contract Defined. A construction contract is an agree- 
ment between parties to pay a certain compensation for 
certain valuable possessions or services, and may be for 
labor, material, money, or any valuable consideration. It 
may be in writing or simply a verbal understanding; but 
so long as it is an arrangement between the parties inter- 
ested, and is understood by both or all of them to be such, 
it is a contract, and they are both or all equally bound by it. 

Often it happens, in the case of written as well as verbal 
contracts, that, after unforeseen conditions have developed, 
the understanding of the parties may differ as to the mean- 
ing of certain clauses—their scope and the original intent 
when the contract was made. Furthermore, when a dis- 
pute arises, it may appear that when the contract was orig- 
inally prepared the contractor had an entirely different idea 
from that held by the owner, as to what he (the contractor) 
was expected to do. In such case, unless it can be clearly 
shown that one of the parties was guilty of fraud—a crim- 
inal matter—the contract is sound and binding, and the 
meaning of the disputed clause is taken to be what its lan- 
guage would imply to an intelligent and unprejudiced third 
person. This third person may be a witness to a verbal 
agreement, or he may be one to whom a written contract 
is afterward submitted. Therefore, although the parties 
must both or all understand that they have an agreement 
in order that the contract shall be valid, yet one of the 
parties cannot abrogate it with impunity by claiming or prov- 
ing that he has misunderstood the meaning of a part of it. 


CLASSIFICATION OF CONTRACTS 

There are three main classes of contracts for building 
construction in general use today. They are as follows: 

(1) The lump-sum contract, where the contractor re- 
eeives a certain amount of money for completing the work 
delivered in place. 7 

(2) The unit-price contract, where the contractor receives 
so much money per thousand brick, per cubic yard of con- 
¢rete, per pound of steel, etc. 
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(3) The cost plus compensation contract, which means 
that the owner advances the money, and the contractor sup- 
plies the managerial skill and organization. 

These different kinds of contract, and all their complica- 
tions; may be subject to a large number of various modify- 
ing clauses and restrictions on both sides; but, in general, 
almost any contract in use today for building construction in 
the United States may be classified under one or other of 
the above headings. 

Essentials to the Contractor. Before taking up the classes 
and general structure of the contract in detail, it is important 
to consider the general features of the contract in their 
economic bearing. For this purpose we shall consider that 
there are two principal parties in interest, one of whom 
does the work—whom we shall call the contractor, and ordi- 
narily designated as the party of the first part; and the other 
party, the owner, who advances the money and is to obtain 
possession of the completed work, and who is frequently des- 
ignated the party of the second part. 

From an economic standpoint, the essentials that the 
contractor requires, in order that the matter may be a sat- 
isfactory business venture for him, are as follows: 

(a) Pay, regular and sufficient. 

(b) Freedom from interference with the economic con- 
duct of the work. 

(c) Special privileges. 


These we shall here discuss in this order. 


Pay. A contractor in all forms of contracts except the 
third class indicated above (cost plus compensation), requires 
capital in order to pay his men, to pay for materials and 
supplies, and to support himself while the work is in progress 
and before he receives his money from the owner; but the 
amount of capital that he actually needs is by no means 
as great as the total cost of the work when completed. 
If the amount of work that a contractor has on hand, when 
ultimately completed, will cost $100,000, the amount of money 
that the contractor himself must have in the business may 
often be as low as $5,000, and is seldom higher than $15,000 
or $20,000. 

To understand this, let us see how the work actually pro- 
ceeds. Upon completing the agreement, the contractor en- 
gages men to work for him, and he wants materials. The 
materials are ordered from the manufacturer or jobber upon 
an understanding whereby the contractor is to pay for them, 
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let us say, 30 days after delivery upon the work; and 
the workmen are to receive their pay at the end of each 
week or month. Thus the contractor will not have to pay 
out anything in actual cash, except what might be called 
“petty cash items,” until the first pay-day. On the first pay- 
day he will have to pay for the labor to date. At the end 
of the month the materials and supplies that were delivered 
when he first commenced operations will have to be paid 
for, but not material that has been delivered during the first 
month; therefore the actual work done to date, by the end 
of the month will represent a considerably larger amount 
of money than the contractor has had occasion to pay out 
for labor and materials, although the contractor is obliged 
ultimately to pay for these materials and labor from time 
to time as the payments become due. 

Now, in the majority of contracts it is stipulated that the 
owner shall place with the contractor from time to time— 
usually from month to month—certain installments of the 
contract price, which installments will be as nearly as possible 
proportionate to the value of the work that the contractor 
has done, less a percentage (usually figured at 10 per cent 
or so) which is held up in order that the contractor may 
not be financially at liberty to stop the work and seek other 
employment to the detriment of the particular work cov- 
ered by the contract in question. 

It is evident that if the installments of the contractor’s 
pay are not forthcoming when they are due, the contractor 
will not receive enough money to meet the payments that 
he has obligated himself to make for labor and materials; and 
conversely, it is clear that if the payments are made by the 
owner with proper regularity and are sufficient in amount 
to cover the contractor’s expenses and obligations as they 
become due he (the contractor) will not be obliged to fur- 
nish money to “carry on the job.” When work has been 
badly laid out in the beginning, so that through a mistake 
or otherwise the contractor is obligated for amounts in 
large excess of what he is obliged to pay out, the carrying 
charges may be very large; and if he is swinging a million 
dollars’ worth of business on $100,000 capital, he may find 
himself at a comparatively early stage of the proceedings 
with most or all of his capital “tied up,” and may be obliged 
to borrow more money at high rates of interest. He will 
therefore not only be losing interest on the money that he 
has himself invested in the business, but also be paying an 
additional interest on the money borrowed. When it is ap- 
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preciated that this interest may easily be 6 per cent or more 
on the loan, and that his profits, which are his compensa- 
tion for his own services, may not be more than 10 or 15 
per cent on the contract price, it seems clear that insuffi- 
cient and irregular payments are to be very carefully avoided. 

Attention is here called to the hardships—often unnec- 
essary hardships—that can be brought upon the contractor 
through the holding-up of his regular payments by the archi- 
tect or engineer. Sometimes, when a contractor has not 
complied with the terms of the contract, and is seeking to 
do other work and make other money to the financial pre- 
judice of the owner of the job on which he is employed, an 
architect has no right to authorize the regular payments 
until the contractor has lived up to his obligations; but, 
on the other hand, it is an injustice to the contractor to hold 
up a cerificate because the architect happens to be too busy 
to check the figures, or on a technical or finely drawn point 
which is not entirely justified by the cold facts. This injus- 
tice is not always a matter of consequence, but may result 
in serious complications if pushed too far. 

The owner can have no objection to making payments 
regularly if the contractor carries out his part of the con- 
tract, for the reason that the owner knows beforehand when 
each payment ought to come due, and he is in a position to 
prepare himself against such time well in advance of its 
occurrence. Inasmuch as the partially completed structure 
helongs to the owner, he at all times has got value received 
for his money. 

Freedom from Interference. The contractor undertakes 
to perform a certain specified act, or series of acts, or groups 
of acts, for a certain consideration; and it is of the high- 
est economic importance to the contractor that he be not 
obliged to do things which he did not originally obligate 
himself to do or which he did not expect to do when he 
entered into the contract. If a contractor enters upon a 
piece of work with the idea of meeting the ordinary regular 
conditions that he can foresee, and if, suddenly, unforeseen 
difficulties develop which prevent him from executing the 
work as economically as he had originally planned, he is im- 
mediately in trouble, and he is in a position similar to that 
of a man who pays a good price for a cantaloupe and, after 
cutting it open, discovers it to be spoiled. As a matter of 
law, with the usual form of contract, if the contractor meets 
with difficulties which are not the fault of the owner in 
any way, and which the contractor ought to have foreseen 
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himself, it is the contractor’s fault, and he must bear the 
burden of it. On the other hand, if he is subjected to inter- 
ference with the economic conduct of the work because of 
the actions of the owner, such privileges not having been 
granted to the owner in the contract, the owner is at fault, 
and in this case it is he who must bear the burden. There 
are, however, a great number of cases which do not come 
within either of these assumptions. For example, if the con- 
tractor meets with difficulties which are forced upon him by 
outside parties, or by what the lawyers term “the acts of 
God,” the financial responsibility is often a very difficult 
one to determine. 

In brief, the contractor is supposed to be able to fore- 
see the ordinary conditions that will govern his work, and 
to make provisions for them in the terms of the contract 
which he signs; and to meet these conditions he is respon- 
sible. For unreasonable interference with him on his work, 
due to the owner, a contractor is not responsible. For out- 
side conditions which are not foreseen in the contract and 
not of such ordinary occurrence that they should have been 
foreseen in the contract or by an intelligent estimator, and 
which, at the same time, are not imposed by the owner or 
anyone employed by him, there is usually room for ques- 
tion as to who must bear the responsibility. 

Special Privileges. No two contracts can be exactly alike, 
because no two engineering or architectural purposes are 
exactly alike. Every piece of work has its own particular 
and peculiar features which require to be dealt with in a way 
particular and peculiar to that work; and therefore nearly 
every contract has clauses which are intended to guard 
against misunderstandings arising from special conditions. 
If these special conditions are expected to interfere with the 
right or the interest of the owner, the attempt is generally 
made to guard the owner’s interest by introducing the spe- 
cial privileges that he may need; while, if the peculiar con- 
ditions are expected to affect the contractor detrimentally, 
he may insist upon certain special privileges for his pro- 
tection. 

The contractor may be allowed to use equipment belong- 
ing to the owner; he may be allowed to use the owner’s 
property to store materials and supplies upon; he may be 
allowed special rates on materials sold to him by the owner; 
and he may be allowed special leeway as to when certain 
parts of the work ought to be completed—all of which special 
privileges are worth something to the contractor and are 
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certain inducements to him to take the contract at a low 
figure; or they may be inducements to him to waive pay- 
ments at certain times. 

Essentials to the Owner. The owner, on his part, is 
under the economic necessity of obtaining most or all of 
the following valuable things as a result of his contract: 


(a) Quantity of work. 
(b) Quality of work. 
(c) Time of completion. 
(d) Special privileges. 


Quantity of Work. In a construction contract, when the 
work has been completed, the owner is to have something 
that he did not have before; and the amount of what he 
is to have, secured for him by the contract, should be most 
carefully understood before the work is commenced. If the 
structure is to be built of concrete, the owner must receive 
enough cement, enough sand, enough stone, enough steel, 
and enough of all the various materials that are going into 
the structure, to justify him in his expenditure, or it will 
not be a financial success. Moreover, he must have the 
quantity that his original understanding with the contractor 
guarantees. His architect, for this purpose, lays out elab- 
orate plans, showing in detail a very large portion of the 
finished work; and the specifications, which accompany the 
plans, and which are regularly made a part of the contract, 
are intended to insure, among other things, that there shall 
be no skimping in work below the understood and agreed- 
upon standard. In actual fact, as the practice runs today, 
it is not at all easy to guard against errors in and viola- 
tions of the original arrangement in this regard. Take 
the simple case of cement, for example. The architect may 
specify that the concrete shall be made of a 1:3:5 mixture, 
meaning one part of cement, three of sand, five of stone. 
If the materials are specified as of these parts by weight, 
it will be difficult to enforce the rule with exactness, be- 
cause of the ordinary difficulty of weighing upon the ground, 
and also because of the fact that these materials, except 
stone, weigh considerably more when they are wet than 
when they are dry. When, on the other hand—as is usually 
the case—the materials are specified by measure, there is 
room for misunderstanding, because the space which a given 
amount of sand or cement will take up depends to a con- 
siderable extent upon the degree to which it is packed. A 
packed barrel of Portland cement contains about 3.8 cubic 
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feet, more or less, of cement; but, if sifted, the dry cement 
in one barrel may easily amount to considerably over 4 
cubic feet; and, depending upon the way in which such a 
term of the specification is interpreted, will the owner get 
more or less material for his money. 

Sometimes the contract may provide that the mixture is 
at the discretion of the contractor, and that the owner is 
Satisfied if the finished concrete will pass certain tests, in 
which case there is less room for misunderstanding. Such 
practice, however, is not yet general in the United States. 

A contract for structural steel work may be for a lump 
sum, or for so many cents per pound. If on the lump-sum 
basis, the owner is interested in receiving the number of 
pounds of material as covered by the plans. Now, it hap- 
pens that the steel mills cannot roll the sections with abso- 
Inte uniformity, and there is sometimes a difference of sev- 
eral per cent between the estimated standard handbook 
weight per foot of steel shapes and the actual weight 
of those steel shapes when shipped. The _ difference 
is caused by the variations in the adjustment of the rolls 
in which the material is made. In a case of this kind, 
it is generally conceded that variations in the estimated 
weight amounting to 2% per cent are permissible, except in 
the case of such material as sheared plates more than 100 
inches wide, in which case 5 per cent variation from the 
theoretical weight is ordinarily allowed. In a large piece of 
steel work, some of the material will be over-weight and 
some under-weight, so that in the long run the errors will 
tend in some degree to balance each other. 

In the case of a brick building where the contract is 
upon the unit-price basis, there is likely to be some discus- 
sion as to what allowance must be made for the spaces 
of doors, windows, and other openings; and it is essential, 
in a contract of this kind, to specify carefully how the num- 
ber of units of performance in the work shall’ be estimated 
or determined. 

The owner is interested in the quantity of material and 
of labor entering into his structure, in so far as it affects 
the quality of the finished work, its durability, and service- 
ability. The distinction between quantity of labor as an 
asset to the owner, and quality of workmanship, is a fine 
one; but there is no question that the owner is entitled to 
the proper amount of material and the proper amount of 
labor necessary to make the structure what the two parties 
agreed upon when the contract was signed. 
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Quality of the Work. In addition to the amount, the 
owner is entitled to a certain quality of material and quality 
of labor; and here is one of the difficult problems that arise 
in all contract framing, and one-which is worthy of careful 
study. As a general thing, what the parties have in mind 
when they sign the contract is that the material shall be 
of standard quality—the sort of quality that enters into a 
first-class job, the sort of quality that is readily obtainable 
at fair prices in the open market; but this understanding 
is so general and is subject to so many different interpreta- 
tions, and the variation in interpretation is so great with 
different kinds of material, that it is exceedingly difficult to 
decide properly and equitably. 

Take the common example of the ordinary red hard- 
burned brick. In the first place, the bricks made by differ- 
ent makers are of different sizes and of different shapes; 
and a big brick is worth more money than a small brick, 
other conditions being equal. A standard brick specification 
would require that a brick should show, when broken, a 
comparatively uniform structure, hard and somewhat glassy, 
and free from pebbles, cracks, cavities, and lumps; and yet, 
as a matter of fact, many a brick gets on the market which 
contains one or more pebbles the size of a hickory nut. An 
over-burned brick will be of a different size from an under- 
burned brick, and will have very different characteristics. 
Moreover, the art of brick-burning is such as not to admit 
at present of the most exact uniformity in the product. The 
bricks which are on the outside of the kiln will not receive 
as thorough a burning as the bricks toward the center of 
the fire; and therefore the finished product will necessarily 
show irregularity, and the justifiable range of irregularities 
is not easy to specify in terms of units. The owner is 
entitled to require upon inspection a quality which was stand- 
ard when the contract was signed; and it is essential to 
the proper success of his part of the business that the 
standard quality be assured to him; but if the owner requires 
a quality which is higher than the standard and more difficult 
to obtain, the increase of usefulness thereby secured is 
usualiy not so great as the increase of cost involved. 

It frequently happens that the owner changes his mind 
after the contract has been entered upon, as to what qual- 
ity he wants in certain materials; and then, by an agrae- 
ment with the contractor, he pays a certain amount for the 
privilege of changing the quality of the material. As a gen- 
eral thing, when so inserted, the cost of these extras to the 
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contractor and also to the owner is greater than it would 
have been if they had been properly foreseen in the draft 
of the original contract. Sometimes a contractor takes ad- 
vantage of the fact that the owner wants to change his 
mind, and exacts an exorbitant compensation for the extras, 
in which case the contractor makes money out of it. Making 
these extra charges on a larger number of items is one 
method of turning an unprofitable contract into a profitable 
one. It is nearly always strongly objected to by the owner, 
and is likely to lead to lawsuits. 

The illustration of the red brick has been used above, 
because it is such a common article for construction pur- 
poses. Another type of article to which attention should be 
called in this connection, comes within the class of special 
fittings, hardware, etc. The standard quality of door-knob, 
for example, is a very difficult thing to decide on before- 
hand, or to agree upon afterward. There are so many differ- 
ent types of door-knobs, and so many different makers fur- 
nishing them, that sometimes the only way to solve this prob- 
lem is to specify by catalogues and numbers. Then, if this 
particular manufacturer happens to have a surplus of orders 
and cannot deliver on time, the contractor has the excuse 
for delaying the work, that he could not get the special 
object specified by the owner, and the owner is in a quandary 
as to how to get what he wants without delay to his work 
in general. 

The quality of the labor is still more difficult to contract 
for with accuracy than the quality of the material. When 
the contractor starts in on the contract, he may not have 
in his employ more than two or three of the men who are to 
work upon the job, but he undertakes to see that the work 
shall be performed in a “thoroughly workmanlike manner.” 
The workmanlike manner of the human laborer in times 
of great business prosperity, when there is a job for every 
man, is a different matter from the workmanlike manner of 
the same man after he has resigned from the union or 
before he has joined it, when there are two men for every 
job. The owner is entitled unquestionably to receive the 
grade of work that the contract calls for; but how to specify 
in words that grade of work without room for a great deal 
of misunderstanding and subsequent trouble, is a problem 
that has not yet been generally solved except upon the 
understanding that the grade of work shall be in accordance 
with the established practice in the locality and at the time 
when the contract was signed or when the work is carried 
out. 
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The quality of the finished work, its appearance, its 
dimensions, its density, and its general resistance to out- 
side forces, can often be pretty well defined, and this im- 
plies a certain quality of workmanship. On a piece of rivet- 
ing work, for example, the owner on an ordinary contract 
should be reasonably entitled to have the riveting done by 
men of experience in this class of labor; and it might 
perhaps be a violation of his rights to have the contractor 
place upon ‘tne riveting work green men, training them as 
the work progresses. The contractor may claim that so 
long as the rivets fill the holes, are properly finished, are 
not burned, and cannot be found fault with on inspection, 
he is doing his part; and probably this is true, so long as 
the green gang does not take so much time upon the work 
as to interfere with the owner’s rights. 

Time of Completion. As a business proposition, the 
owner in the contract makes a stipulation that he is to 
receive his completed structure or certain parts of the 
completed structure at certain times. The contract for the 
structure is of more value to the owner if the structure is 
completed at a certain time than if it be delayed, for the 
reason that he makes his ordinary business plans and ar- 
ranges his various business matters so that he can make 
use of the structure at the time specified. He does not ex- 
pect to receive it sooner; and if he did receive it sooner, 
his other arrangements might not admit of its being any 
more valuable to him than if delivered later; while, if there 
is considerable delay, he may be put to a large monetary 
loss. Therefore he is entitled to receive the structure at 
the time agreed upon, provided that an extension of time is 
not agreed upon, or provided that the delay is not caused 
through the fault of the owner, or through an “act of God,” 
so called, or through some other cause which is beyond the 
power of the contractor to prevent. 

One of the causes most likely to produce a delay of this 
kind is a strike. Now, a strike may be caused by ignorance 
on the part of the contractcr of proper methods of manage- 
ment. Men will sometimes strike while working for an 
ignorant contractor, whereas, if working for a _ successful 
manager, they would not strike under the same conditions. A 
contract such as we are now considering frequently in- 
cludes a clause to the effect that a strike shall involve an 
extension of the contract time corresponding to the amount 
of the delay from the strike. It will be noticed that such 
a clause, while protecting the contractor in absolving him 
from the assumption of such risk, is a distinct disadvan- 
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tage to the owner, who has no redress on that account if 
the strike takes place; and if a contractor finds that he 
is going to be delayed in the work, he can with very little 
trouble produce a strike. The time or duration of a strike 
may not be the same as the time of delay caused by such 
strike, and it is sometimes difficult to establish just what 
this time allowance ought to be. 

Special Privileges. A railroad building a bridge on a 
contract will often require that the contractor shall so con- 
duct his work as not to interfere “in any manner” with 
the regular passage of the trains that are operated by the 
railroad. This gives the railroad, or the “owner,” the priv- 
ilege of very considerably interfering with the work of the 
contractor at times in order to maintain its traffic in an 
uninterrupted way. Such a clause, when worded as above, 
is often ridiculous.in its importance, because a contractor 
eannot build a bridge under traffic without requiring at least 
that the trains shall be slowed down. The owner may some- 
times wish to have certain articles that he possesses, and 
for which he has special fondness, incorporated in the work 
—for instance, such as an ancestral mantel-piece of a par- 
ticular grade of stone or a particular colored stone. Spe- 
cial features such as these are very frequently inserted by 
architects in order to obtain special artistic effects, and they 
unquestionably have a certain monetary value, which is very 
difficult to estimate in dollars and cents from the owner’s 
point of view, but which may cost a very definite amount 
from the point of view of the contractor. 

The owner will frequently decide upon asking certain 
privileges of this kind after the contract is well under way, 
and at a time when compliance with his wishes will in- 
volve a much greater hardship upon the contractor than 
would have been imposed had the privilege been settled 
upon originally. This forms an excellent reason—and toa 
often an excellent excuse—for the contractor to demand a 
large extra compensation. 


OBLIGATIONS OF A CONTRACT 
Lump-Sum Contracts 
Under the usual lump-sum form of contract, the owner 
agrees to furnish the following: 


1. Money. 

2. Plans and specifications. 

8 General instructions, stakes, and layout. 
The contractor furnishes: 
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Labor. 

Materials. 

Plant. 

Supplies. 
Organization. 
Superintendence. 
Experience. 

Insurance, as to time. 
Insurance, as to cost. 
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It will be noted that the owner furnishes something which 
is usually definite, and the proof of the furnishing of which 
is usually easy. By the dates on the checks or on the re- 
ceipts, it is entirely feasible to establish just when the owner 
made the advance payments, and there is rarely much trouble 
as to whether or not the owner furnished a sufficiency of 
plans and specifications, stakes, and general instructions for 
the work, although at least one instance is on record of a 
lawsuit arising in which one of the principal grounds of 
contention was that the owner did not furnish a sufficiency 
of plans to enable the contractor to proceed. 

While it is easy to establish the dates at which the owner 
has made payments, and their amounts, trouble may arise 
on a contract because the owner refuses to make payments, 
claiming that he is justified in withholding money, on the 
ground of something that the contractor has done. Now, 
the contractor, in furnishing each of the above nine items 
of value, supplies something which is not a definite medium 
of exchange, which cannot be specifled with absolute preci- 
sion, and the cost of which to the contractor may not be 
the same when he is ready to use it as it was when he 
signed the contract. Therefore the chances for misunder- 
standing as to the contractor’s performance are very much 
greater than the chances as to the owner’s performance; 
and this fact ought to be borne in mind by all owners, con- 
tractors, and architects, not only in preparing the contract, 


but in using ordinary common sense in its interpretation 
afterward. 


Plant. The items of labor and materials have already 
been discussed. Plant is a factor in which there is a wide 
range of variation in efficiency and cost, and in general 
adaptability to different kinds of work. A contractor who 
has a small business of considerable variety must have a 
plant which is as adaptable as possible to different classes 
of work, so that when. he finishes one piece of work of a 
certain type he can put the same plant on another piece 
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of work of a different type without any, large loss of effi- 
ciency. Such a plant will not operate as efficiently as one 
which is adapted to but one kind of work and which is made 
especially for that work. It therefore behooves the owner, 
before entering into a contract, to consider in general what 
sort of plant the contractor owns, which he intends to use 
on the particular work in hand. 

Supplies, such as coal, oil, dynamite, ete., which are con- 
sumed in carrying on the work and which do not remain 
as part of the finished structure, do not particularly con- 
cern the owner as to their quality or amount; but they will 
have a considerable effect upon the contractor’s efficiency. 
If they are not of proper quality, delays are likely to result, 
which the contractor may claim are not his fault. This 
is a danger that the owner has got to run, because it is 
not advisable for the owner, before signing a contract, to 
stipulate much as to the grade of supplies which the con- 
tractor is to use. Although there is no theoretical reason 
why it cannot be done, it would be unusual. 

Organization. It is the contractor’s duty to furnish the 
organization on the work—by which is meant the assembling 
of men of proper training to get the work carried on suc- 
cessfully. Some of this organization—namely, the Superin- 
tendent and Foremen—may be regularly carried upon the 
contractor’s pay-rolls, and he may know exactly what they 
are capable of doing; and the owner may be able to get 
references as to the contractor’s past performances, which 
will give him to understand just what he can expect from 
the contractor’s employees of these grades. The great bulk 
of the organization, however, is likely to be engaged at 
the beginning of each job, and to some extent the owner 
must take a chance as to the results of this selection. 

Men vary, and they vary greatly, in their individual 
efficiency. Under the ordinary system of handling outside 
work in use today, in taking on a number of men, there 
will be perhaps some very good workers, some fairly good 
workers, and some altogether bad workers. The general. 
average of the workmen’s performance is what the con- 
tractor figures on in making his estimate; and if he gets 
a certain man or gang of men better than the average, he 
is that much better off; if they are worse than the aver- 
age, he is just that much the worse off. His chance of 
getting a combination that is pretty close to the average 
is greater on large jobs and in large communities where 
there are many men looking for work, than on small jobs 
or in small communities where there is not so much doing. 
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Therefore, the gambling chance as to the quality of work- 
men is greater in small communities on small jobs of work 
than vice versa, and this feature usually involves a larger 
contract price. 

Superintendence. Superintendence of the work, to see 
that it goes smoothly and economically, is the special service 
which is expected of the contractor, and the one which the 
nature of his business makes him particularly fitted to ren- 
der. He is supposed to know how to get the best foremen, 
and to see that they get the most out of their men; and 
his office is supposed to buy materials at the lowest prices. 
He may be seriously limited in his opportunity to get the 
best foremen for any particular piece of work, because in 
dull times, in order to reduce expenses, he discharges his 
idle men, and when business becomes lively again it is diffi- 
cult to get good men at short notice. Many large con- 
tractors, therefore, keep a few of their good men over dull 
times; but this is done under the penalty of increasing the 
“overhead” charges, thus making it difficult to compete with 
small contractors on anything but large operations. 

Some contractors are particularly skilful in handling cer- 
tain kinds of labor, and have indifferent success with oth- 
ers. A manager accustomed to the type of bricklayers to 
be found in the New England States might have difficulty 
in getting satisfactory work out of negro labor in the South. 

Some contractors can purchase materials and supplies 
more economically than others, because their credit is bet- 
ter, since the dealer will always quote better prices when 
he is sure of his money than when he is not; and some 
men have a natural gift as buyers which is not always pos- 
sessed by other men equally clever as regards the handling 
of men. 

It is clear that in furnishing superintendence or man- 
agerial skill, the contractor is delivering something which 
cannot be measured or estimated with much accuracy before 
commencing work, and not always afterward. If the con- 
tractor has a record as an efficient manager, and has in his 
employ some good men who are available for the work to 
be undertaken, he may be expected to manage or superin- 
tend the work efficiently, provided that his financial induce- 
ment to do so is sufficiently strong. This is supposed to be 
insured in the unit-price or lump-sum forms of contract, by 
having him guarantee the cost. 

Experience. A contractor may be a good manager and 
may have an excellent organization, and he may have a 
very good plant and be able to obtain satisfactory labor— 
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all of these without being able to do efficient work. Unless 
his experience has been of the right kind to fit him for 
the particular work to be done, he is likely to have a good 
deal of trouble. For the best results, he requires to have 
had experience on the type of work in question. There 
are, for example, a great many “tricks of the trade” which 
are peculiar to a piece of brickwork, for the knowledge of 
which some experience seems to be necessary. In brick- 
laying the contractor employs a very high-priced class of 
labor for the actual laying of bricks; and he employs an 
entirely different class to act as helpers to keep the brick- 
layer supplied with material, to raise and move scaffolding, 
and, in general, to facilitate the brick problem. The man- 
agement of the work so that the bricklayer can handle his 
bricks with a minimum of labor on his own part, can al- 
ways find a brick at the right place when he reaches his 
hand for it, and not only find the brick there but find it in 
its proper position with the right side up so that the brick- 
layer standing upon his scaffolding is always at the proper 
position with regard to the growing wall—this kind of man- 
agement is an art by itself. It is, moreover, a highly in- 
tricate art—one involving not only the ability to manage 
men well, but the ability to plan and foresee conditions 
that are likely to arise during the days’ work. While this 
art can be studied scientifically, and a great deal can be 
learned about it that pertains to the economics of the sub- 
ject, its efficient carrying-out requires practice. 

In concrete construction the amount of material on the 
work is pretty rigidly limited by the plans and specifications, 
and the most variable feature is that of labor. This labor 
consists not only in the placing of the concrete itself, but 
in the making and setting of the forms; and it is likely 
to be the case in most work of this kind that the keynote 
of successful performance is experience and ability in 
handling these forms. Forms are generally made of wood 
that can be used again and again, and if properly treated, 
ean be used much oftener than when improperly handled. 
The life of the forms is also very much governed by the 
manner in which they are designed and put together. To 
handle them properly upon the work and manage the general 
work so that they can be used to the best advantage, is an 
art entirely distinct from bricklaying, and one which seems 
to require a considerable amount of training and experience 
before it can be mastered. One reason for this is that here- 
tofore no very thorough economic study of this subject has 


been made. 
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Another class of construction on which a contractor 
should have had special experience in order to insure his 
efficiency is that of steel buildings. Here the units to be 
handled are often very large and heavy. The handiing of 
heavy weights economically by a small force of men and 
with the aid of derricks and other plant, is a peculiar art 
which comes only from practice. Sailors are generally good 
at this sort of work, and men who have not had experience 
in it are practically helpless when confronted by its prob- 
lems. The iron worker as a laborer is in a class by him- 
self. He is courageous and determined, strong and active, 
and under some circumstances requires considerable tact, 
as well as firmness, on the part of his manager. After the 
metal has been set up and bolted, it is necessary to rivet it 
together—which is a large item of cost; and here special 
experience will generally teach a manager how he can apply 
devices for pushing the work. 

The contractor should have some experience of the local- 
ity in which he expects to work, since local ordinances are 
likely to vary a good deal, and the manner in which the 
laws are administered is also likely to vary a great deal in 
different localities. The local conditions of labor, besides, 
are likely to vary. One town may be pretty well unionized, 
and another not far away may contain a rather different 
class of labor and require different methods for pushing 
work. The prices of labor and material are not very dif- 
ferent in New York City and in Brooklyn, just across the 
Hast River; yet, prices obtained by contractors for doing 
work on Manhattan Island are considerably higher than 
those in the other Borough. This is due partly to these 
local conditions as above mentioned, and partly to the density 
of traffic on Manhattan Island and the difficulty of get- 
ting through the streets. A strange contractor cannot easily 
tell beforehand how much trouble he is going to have in 
unloading his wagons in the streets until he has been at 
least once “up against” the local ordinances. 

Size of the Job. A man who is accustomed to handle 
small pieces of work is generally in the habit of doing a good 
deal of the field managing himself, and is not necessarily 
very strong in the organization line. He may be able to 
manage very efficiently a piece of work which requires a 
small number of workmen, but not be so good where the 
individual counts for less and the general business organiza- 
tion counts for more. If the bulk of his experience has 
been on works of small magnitude, he is not likely to be 
particularly good at the large ones; and on the other hand, 
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if his work has been in the line of heavy construction, em- 
ploying a good many men, he will usually not bid as low 
on a small piece of work as will a man who has had most 
of his experience in small jobs. 

Insurance. In the old-fashioned form of contract, the con- 
tractor guarantees that he will do the work for so much 
money. This particular part of his contract is nothing else 
than a sort of insurance by which he undertakes to assume 
the risk of the work being more expensive than he originally 
figured. If it costs more, he loses; and if it costs less, 
he gains just that much—which, as has been indicated above, 
is an inducement to him to operate with economy. In prac- 
tice, this works out in the following way: ‘The contractor 
always either makes or loses, and frequently his bookkeep- 
ing methods are such that he does not know whether he 
has made a profit on the contract or whether he has actually 
lost unless the profit and loss should happen to run into a 
considerable amount. If he is generally successful in mak- 
ing substantial profits his business grows and he waxes pros- 
perous; or if he makes a good many small losses, or one or 
two very large ones, the amount of capital at his disposal 
is not sufficient to enable him to stand the losses, and he 
fails. If he fails while the contract is at a critical stage, 
the owner is likely to lose money unless he is protected by 
a bond, and he is sure to lose in the matter of time for 
the completion of the work. The large contractor with a 
large capital is less likely, of course, to fail on a com- 
paratively small contract than a small contractor, and the 
additional security in the way of insurance which this larger 
capital gives the owner is one reason why the owner is 
sometimes willing to accept a higher bid from a large con- 
tractor than he can obtain from a small one. 

The insurance feature has a decided economic value from 
the standpoint of the owner, and is a tremendous risk from 
the standpoint of the small contractor. It will be noted 
that this insurance which the contractor provides is in- 
surance as to cost and as to time, the former being by far 
the more dangerous to the contractor, and the latter some: 
times of greater importance to the owner. These features 
will be considered more fully under the Cost plus Compen- 
sation Contract. 


Unit-Price Contracts 


The general bearing of the obligations of the parties to 
each other is very similar to that in the case of the lump 
sum contract, except that here the totals of the quantities 
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are often not determined until the finish of the work. Any 
effect that this uncertainty may have upon the interests of 
the parties will properly influence the contract prices on the 
one hand, or the contractor’s profit or loss on the other. 

The case of structural steel work affords an excellent 
example of the workings of this feature upon the obliga- 
tions and attitude of the parties. A great many steel struc- 
tures are let upon the lump sum basis, and a very larga 
number on that of the pound price. In either case the owner 
furnishes to the various bidders on the work plans and spec- 
ifications in more or less detail, indicating the type, size, 
general strength, and character of construction. The bidders 
submit with their figures stress sheets, indicating how they 
propose to treat the various structural problems. On the 
basis of the quoted prices and the stress sheets submitted, 
a contractor is selected for the work, and a form of con- 
tract entered into with him. Before the work can be pro- 
ceeded with, however, it is necessary that more elaborate 
detailed plans be prepared, and this is generally done by 
the contractor. He then proceeds along the lines indicated 
by the stress sheet. The details have to be approved by 
the owner’s representative before actual construction com- 
mences. Now, it is clear that the more pounds of metal in 
the structure under the form of contract that we are now 
discussing, the greater will be the contractor’s profit; where- 
as, the fewer the pounds of metal, the weaker the struc- 
ture, and the less his profit. Since there are various ways 
of calculating the amount of metal necessary—column for: 
mulas, impact. formulas, and various assumptions as to the 
performance of metal under stress made by different authori- 
ties, each of which assumptions will have to do with the 
amount of metal for a given amount of supporting power 
—there will be room for a variegated interpretation not only 
of the specifications but of the stress sheet; and it is the 
business of the owner’s representative, the architect or en- 
gineer, to see to it that the detailed drawings do not eall 
for an unnecessary amount of material at the owner’s ex- 
pense, while at the same time not imposing restrictions 
which will make the finished structure too weak. If the 
architect or engineer cut down the metal too much for 
agreement with the stress sheet, the contractor can very 
properly claim that he is entitled to sell the owner more 
material, on account of the provisions of the stress sheet, 
which then is a part of the contract. 

In any steel structure, even with quite rigid specifications, 
there is room for the exercise of considerable judgment 
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in designing the “connections” whereby the stress is trans- 
mitted from one main number to another or others. Where 
it is to the contractor’s interest to, supply an excess of ma- 
terial, he will generally show a desire to adhere to the best 
and safest and most conservative engineering practice. There 
is, then, the further complication that the weights of the 
material as actually shipped are likely to vary several per 
cent from the theoretical weights of the members called 
for in the stress sheet. The contractor is usually paid on 
the basis of the actual shipping weight of the steel. This 
feature has been more fully discussed above, under the cap- 
tion “Quantity of Work.” 

The main distinction in the actual working results be- 
tween the unit-price contract and the lump sum contract, 
is that in the former case the contractor demands the best 
engineering practice, whereas under the lump sum contract 
the owner is doing the fighting for good practice. 


Cost plus Compensation Contract 


Much has been heard of late years about this kind of 
contract, and a good deal of work has been done under it. 
So much uncertainty seems to obtain in the minds of most 
people concerning its true inwardness, and there is such a 
considerable diversity of opinion in the minds of different 
people as to what this form of contract really means to the 
owner as well as to the contractor, that’ it would be well 
to go into its analysis with some care. Under its pro- 
visions the owner pays the entire cost of the work, plus 
something to the contractor for his profit. In some forms 
of this contract, the contractor furnishes the money as he 
goes along, and the owner reimburses him from time to time 
for what he has paid out until the end of the job, when a 
final settlement is made; while in other forms the contractor 
O. Ks all bills which are sent to the owner for payment, 
and the contractor does not handle any money at all. Even 
the pay-roll is settled by the owner sending his representa- 
tive to the job on every pay-day and paying the men off on 
vouchers approved by the contractor or his representative. 

It will be seen at once that this contract presents some 
particular advantages in certain localities and on certain 
classes of work, from the standpoint of all parties. On the 
other hand, it has certain peculiarities that do not imme: 
diately appear. Taking the same basis of analysis that 
we did in the consideration of the lump sum contract, we 
find that under the cost plus compensation form the owner 
furnishes the following items: 
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Money. 

Insurance. 

Plans and specifications. 
Sketches and instructions. 
Plant. 

Labor. 

Materials. 

Supplies. 
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And the contractor furnishes: 


1. Organization. 
2. Superintendence. 
3. Experience. 


Money. The way in which the owner is going to make 
his payments is a point that has a great deal to do with 
the economical results of the work so far as the contractor 
is concerned. If the owner furnishes all the money from 
the beginning, the contractor does not have to tie up any 
capital in the work at all. The method followed by one well- 
known contractor of large experience has much to recom- 
mend it. In this case, when the work is started, the owner 
turns over to the contractor a sum of money which is in- 
tended to cover the cost for the first month or six weeks. 
This money is then deposited in a bank in a special ac- 
count, against which the contractor is authorized to draw 
checks. Hach check drawn, besides being in the usual form 
of banking check, contains the job number, the account 
number, and a complete list of all the items which are being 
paid for by that check. When the check comes back from 
the bank, it is filed with the papers for that particular job; 
and the owner can immediately, by going over the returned 
checks, see exactly how all the money was spent—for what 
accounts, in what manner, and at what time. Checks cov- 
ering the pay-roll can be drawn either to the individual 
workmen or to a foreman or time-keeper, who accounts for 
his distribution of the men’s pay. 

Insurance. In contrast with nearly every other form of 
contract, under the cost plus compensation system the owner 
furnishes the insurance. Note that the contractor guar- 
antees absolutely nothing. In the standard form of the “cost 
plus” contract, the contractor is not responsible for the time 
of completion; he is not responsible for the cost exceeding 
a certain amount; he gets no extra money if the cost is 
excessive or if he saves money; and, in short, the contractor 
has practically the minimum of interest in how he really 
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does his work. The only real incentive that he has for 
making the work go expeditiously and, economically, is his 
personal ambition and a desire to make or keep a good 
reputation for efficient work. He is on what might be 
called a peculiarly professional basis; and if the men strike 
on the work, if the men whom he has selected for directing 
the work mismanage it, if lightning strikes it, or if the 
work is held up by injunctions or lawsuits, either through 
his own negligence or through the negligence of his em- 
ployees, he is not responsible, being simply the agent of the 
owner. The owner, on the other hand, guarantees that he 
will pay the bills when the contractor sends them in; that 
he will be responsible for all the errors and mistakes of 
the contractor so far as economic performance goes; and 
he further stands the damages when accidents which. are 
not the fault of anybody in particular occur and cause con- 
siderable delay. He practically stands in the position of 
guaranteeing to himself that the contractor will do his 
work properly, and that no external agency will put the 
work back. If the contractor is slow, he is in the owner’s 
employ, and the owner has no redress except to cancel 
the contract and let the contractor sue him for profits. 

In order to mitigate some of this insurance that the 
owner has to stand, he is frequently accorded the right 
in the contract to require that the contractor shall take 
away from the job any foreman whom the owner considers 
to be incompetent. The:trouble with this arrangement is 
that if the owner does order an incompetent foreman off the 
work, the contractor can be dilatory about providing another 
good foreman; and if the owner wishes to name a foreman, 
a contractor can say—and perhaps with logic—that he will 
not be responsible for any errors that the foreman selected 
by the owner makes. As he is not responsible anyway, it 
does not seem as if this would make much difference. 

Plans and Specifications; Sketches and _ Instructions. 
These are furnished by the owner as in the lump-sum con- 
tract. 

Plant. The contractors who do work on a “cost plus a 
fixed sum” basis, do not, as a general thing, own much 
plant themselves, and the’ owner is in the position of either 
purchasing or renting plant. If the contractor happens to 
own plant which he can turn over for this kind of work, 
he usually does so on a rental basis—so much per day or per 
month. This rental clause is really a separate contract by 
itself, since, after the renting has taken place, the plant 
is under the direct control of the owner through his agent, 
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the contractor, and if accidents happen to it, the owner 
is responsible. Some contractors, particularly where the 
amount of plant involved is small, will agree in their con- 
tracts to furnish the necessary plant out of their own stock, 
the rental for plant, or compensation for its use, being 
waived. This feature is not so satisfactory from the owner’s 
point of view as might at first appear, because the contractor 
is tempted to use a minimum amount of plant and one which 
may not be the most suitable for the work; and therefore, 
if the owner furnished or rented his own plant, it might be 
more suited to the particular class of work to be done and 
thus ultimately result to the economic advantage of the 
job. 

Labor. Generally the contractor knows where he can 
find men to employ on the class of work to be done, and 
he engages the men as the representative or agent of the 
owner. When he pays them out of his own bank account 
from funds supplied by the owner in the first place, the con- 
tractor usually acts as paymaster; but in the case where 
the contractor is not to handle any money, the paymaster 
is outside of the contractor’s organization entirely. Under 
this arrangement, the men learn immediately what kind of 
contract is being carried, and they are likely to get the 
idea that. efficiency does not count much in the results of 
the work, and therefore are disposed to “soldier;” whereas, 
if they thought that they were working for the contractor, 
and the contractor’s vital financial interest was at stake, 
they would be more inclined to expect to lose their places 
if they did not work well and rapidly. 

Materials and Supplies. We have outlined above how the 
contractor buys the materials, and have called attention 
to the fact that the owner is usually given the privilege of 
furnishing materials himself if he thinks he can do so to 
advantage. At. first sight it would appear that this pro- 
tects the owner against graft; but it is not difficult to see 
how it would be possible for a dishonest contractor, after 
getting bids for materials, to accept upon delivery an in- 
ferior grade of materials and receive from the dealer furnish- 
ing them a rake-off for himself. Unless the owner put some- 
one on the site to supervise the work with great care and 
inspect all materials as they came in, it would be difficult 
for him to prevent this. To be sure, this inspecting is the 
duty of the architect; but to inspect sufficiently well to pro- 
vide against such contingencies would mean that specifica- 
tions as to materials would have to be very accurately 
drawn in the first place, and, in the second place, that the 
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architect would have to spend a great deal more time in 
inspecting than he is likely to spend. Where the contractor 
orders for the owner, he is practically in the position of 
a purchasing dgent for materials, with all the advantages 
and disadvantages that ordinarily pertain to purchasing 
agents in general—with this difference, that, if the owner 
does not like the way he does his work, instead of dis- 
charging him as he does a purchasing agent, the owner has 
got to spend time and extra money and do the purchasing 
himself. 

As against these things that the owner furnishes, we 
have the items that are supplied by the contractor: 


Organization. This has been discussed above, and is 
not essentially different here, in its economic features, from 
the case of the lump sum and unit-price contracts. The 
contractor is seldom in a position to.throw upon any par- 
ticular piece of work an organization of his own, because, 
when this organization is good, it is occupied on other 
work and cannot come to a new position except with some 
injustice to the work already on hand. As a general thing, 
when the contractor is not busy, he cuts down his force to 
the very smallest possible minimum, in order to save him- 
self from carrying expensive men without financial return; 
and then he has no one in his employ to throw upon new 
work. However, it is his business to keep in touch with 
men all over the country whom he can get for his work 
when he has work to do, and therefore, if he has had much 
experience, it is not difficult for him to get together in a 
comparatively short time an organization of men whom he 
knows something about personally, and in whom he feels 
that he and the men can have confidence. 

Superintendence and Experience. A contractor under a 
“cost plus a fixed sum” contract may have had a good deal 
of experience in the particular line of work to be done, 
and yet this experience may have nothing to do with the 
work unless he have more incentive to economic perform- 
ance than ordinarily obtains under such a form of contract. 
His own experience in the particular line involved may be 
of very little value to the owner. If his superintendent is 
inefficient, as sometimes happens, apparently the only re- 
dress that the owner has is to cancel the contract and 
allow the contractor to sue him for profits, which is a rem- 
edy that is sometimes worse than the disease. When the 
contractor has a great deal of work to do, he cannot put 
much of his time in supervising any one piece of it; and 
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when he has not much to do, he generally spends most of his 
time looking for new propositions. 

Other Forms of “Cost Plus” Contract. Sometimes, in- 
stead of the cost plus, a fixed sum contract, there is the 
cost plus percentage contract, in which the contractor re- 
ceives 10 or 15 per cent of the actual cost of the work for 
his compensation and profit. Here, the more the work costs, 
the more the contractor gets as profit, and there is a 
positive premium upon inefficient work. The percentage 
basis—where the amount of work to be done was indefinite, 
and when, because of uncertainty in regard to the facts 
connected with the work, it was not desired to make up 
elaborate specifications—was used to a. considerable extent 
ten or fifteen years ago. Today it is giving place to the 
cost-plus-a-fixed-sum form. 

Examples of standard forms. for contracts, proposals, 
bonds, etc., will be found in the section, “Miscellaneous In- 
formation and Tables,” in the latter part of this volume. 


Specifications 


A properly drawn set of specifications, with accompany- 
ing plans, is a part of the contract as a legal instrument, 
and performs the function of elaborating just what specific 
things the contractor has to do and just how he has to do 
them. The specifications should contain a reference to the 
contract, and the contract should mention the specifications, 
in order that they shall be taken together as forming the 
parts of one entire agreement. So far as referred to, the 
specifications become constructively a part of the contract. 
While in ordinary practice the specifications are made a part 
of the contract, and are with it signed and sealed, they 
are not in the legal form of a contract, because the burden 
of performance falls entirely upon one party. In the con- 
tract the owner agrees to pay certain sums for the perform- 
ance of certain work by the contractor; but, under the 
specifications, the owner is a passive party, and for that 
reason practically all clauses of the specifications are di- 
rected to the contractor and are statements of his duties. 
There are practically no clauses in the specifications that 
require anything of the owner. 

General Faults. The man who draws up specifications 
finds himself between two difficulties. On the one hand, 
there is the probability of making a specification too verbose, 
too cumbersome, and too unwieldy; and on the other, in the 
attempt to eliminate this fault, there is the probability of 
leaving out something which might be desirable and which 
is necessary to make the instrument intelligible. 

A common fault in the writing of these documents is 
caused by the desire of the writer to show those who are 
going to work under them his vast knowledge of the sub- 
ject covered by the specifications. He puts in many things 
that are not necessary to the proper guidance of the con-: 
tractor, and in many cases things that handicap the con- 
tractor in his work and bring about no compensating good. 
When this is the case, the contractor is liable to think that 
the specifications are antagonistic to his advantage, and he 
will act accordingly and be disposed upon the slightest pre- 
text to attempt to “even up.” 

Another grave fault is the placing of too many restric- 
tions upon those who are going to do the work. The con- 
tractor should be restricted as little as possible, the only 
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requirements being that he must confine himself to good 
practice, and must, in the end, show proper and acceptable 
results. 

The owner wants to get just as much for his money as 
possible—wants the best workmanship and materials because 
he is paying his good money for them—while the contractor, 
on the other hand, even though he may have no idea of 
skimping and no desire to skimp in any way, is working for 
his livelihood and wants to do the work as cheaply as may 
be consistent with acceptable performance, and so make as 
great a profit as possible. 

If the specifications are clearly drawn when submitted 
to the contractor, he can make his bid accordingly; and no 
matter how severe the requirements may be, his bid will 
make allowances for the difficulties imposed by them. If, 
on the other hand, a specification is capable of several in- 
terpretations, or if it is stated in such a way that there 
are “holes in it,” the contractor will be led to take chances 
in his bid. This is especially true if the contractor has 
done much work under the architect, and thus knows how 
closely or how loosely he will be held to the letter of the 
specifications. Bidding under such specifications works a 
hardship on the contractor who is unfamiliar with the archi- 
tect. No matter how strict the specifications may be, and 
how well known to the contractor the architect’s peculiari- 
ties are, the personal equation should have to be taken into 
consideration as little as possible. Remember that a well- 
defined specification is essential to a fair contract. 

The following typical form of specifications for a frame 
dwelling of moderate cost, with heating and plumbing, is 
used by permission of the publisher, HE. G. Soltman, 134 W. 
29th St., New York City. 


TYPICAL FORM OF SPECIFICATION FOR A 
FRAME HOUSE 
If a brick dwelling is desired, see additional clauses at 
end of these specifications. 


SPECIFICATIONS 
Of labor and materials required in the erection and comple- 
tion of a Frame Dwelling to be built for 
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according to the plans drawn by 
Architect. 
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GENERAL 


These specifications are intended to embrace all of the 
labor and materials necessary in the erection and comple- 
tion of the building in all its parts, the whole to be com- 
prised within any contract or contracts that may be made 
. for the same. The entire work is to be constructed and 
finished in every part in a good, substantial, and workman- 
like manner, according to the accompanying drawings and 
these specifications, to the full extent and meaning of the 
same, and to the entire approval and acceptance of the 
owner and architect. Each contractor is to provide all ma- 
terials and labor necessary for the complete and substan- 
tial execution of everything described, shown, or reason- 
ably implied, including all transportation, scaffolding, ap- 
paratus, and utensils requisite. for the same, all materials, 
unless otherwise particularly specified, to be the best of their 
respective kind, and all workmanship to be that of skilled 
mechanics. 

The work must conform to all building laws or ordinances 
applying to the locality, and the contractor is to obtain and 
pay for all permits, fees, &c. 

The contractor is to lay out all work and give his per- 
sonal superintendence to the same, and maintain at all times 
a competent foreman on the job. He is to execute the work 
with due diligence and expedition, and in co-operation with 
other mechanics. He is to give immediate attention to the 
directions of the architect, and will be held responsible for 
any variations from the drawings and specifications. He 
shall maintain and guarantee the stability of the work and 
repair any defective work for a period of one year after 
completion of the contract. 

The following is a list of Drawings which accompany 
these specifications, and which form part thereof: Front 
Elevation, two Side Elevations, Rear Elevation, Plan of 
Cellar, First Floor Plan, Second Floor Plan, Roof Plan. Full 
size Details. 

ALTERATIONS 


It is also understood that the owner of the building and 
the architect shall have the right to make any alterations, 
additions, or omissions of work or materials herein specified, 
or shown on the drawings, during the progress of the build- 
ing, that they may find necessary, and the same shall be 
acceded to by the contractor or contractors, and carried 
into effect without in any way violating or vitiating the 
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contract. And the value of all such alterations, additions, 
or omissions shall be agreed upon in writing between the 
said owner and the contractor before going into execution. 
No extra work will be allowed without such written agree- 
ment. 

CARE OF FINISHED WORK 


Particular care must be taken by the contractor of all 
the finished work, as the building progresses, which work 
must be covered up and thoroughly protected from injury , 
or defacement during the erection and completion of the 
‘pbuilding. Contractor shall make good any damage or de- 
facements. 

ADDITIONAL DRAWINGS, ETC. 


There will also be furnished a complete set of scale and 
full-size detail drawings for all exterior and interior work, 
and used in connection with the above, show all dimensions 
in relation to the work which is to be represented by the 
Detail Drawings. Where figures are not given all draw- 
ings must be accurately followed and measured according 
to their scale. All writings and figures are to be considered 
a portion of these specifications, and must be followed and 
considered. Follow figures in preference to scale. 

On the plans red expresses brick; yellow, wood; and blue, 
stone. The contractor shall not make any changes in the 
plans; in case an error should appear the contractor must 
refer the same to the architect. The specifications and 
drawings are the property of the architect, and must be re- 
turned 0)... 4. ees on the completion of the building. 


MASON’S SPECIFICATIONS 
Specifications of labor and material required in the Mason 


Work for a Frame Dwelling to be erected for ......... ae 

Sisee Seen Gen ons according to plans and this specification 

DD Y's speek (ete svete isncse cae emevare elas are Gores a , Architect. 
Excavation 


Remove top soil from site of building and stack on prem- 
ises where directed. Use again in grading. 

The cellar is to be excavated to a clear depth of ....... 
Sate iontelsiwuyoneestere below the under side of first floor joists, and 


all excavations to be made ........ inches larger than the 
dimensions given for the walls. Trenches for all exterior 
and interior foundations to be dug at least ...... below the 


cellar bottom, and all other excavations that are necessary 
to carry out the plans, such as cisterns, sewers, piers, steps, 
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chimneys, vaults, areas, and all other foundations, to be 
well and faithfully done. The earth to be filled in and 
packed against the cellar walls after the mortar is dry, and 
level with the bottom of the underpinning. Grade the ex- 
cavated earth around and slope off the ground on all sides 
of the building and remove the surplus earth from the prem- 
ises. All trees, dirt, rock or rubbish that may encumber the 
site of the building or interfere with the proper execution 
of the work to be removed. Protect the banks against 
caving and remove any water that may accumulate from any 
source whatever. Provide all necessary batter boards, stakes 
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Drains 

All drain pipe used to be of the best quality .......... 
EPING isiit oe aks straight, true, and of uniform bore, .......... 
6 Si ee cat ae OS in sizes, etc., as marked on plans, and to be 
connected tightly with all necessary places, as indicated on 
plans. These pipes to be properly trapped, graded, and the 
joints cemented tight. Each trap to be provided with trap- 
screw or tight fitting cover, so it can be easily cleaned out 
if necessary. Make all joints clean and tight with Portland 
cement, and make perfectly smooth on inside of same. Also 
furnish in connection with the above all Y, U and T branches, 
and all cement inlets of the sizes to correspond with the 
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Mortar Materials 


All water lime to be fresh burned. 

All quicklime for mortar and plaster to be fresh ...%.... 
ee oie bean: well burned, in lumps, free from clinkers. 

ATER ose daler Cement ytOwDCretisie olere ell cbeleretelel ee ole te isllaeys +) io 


Sich SRO ORM CREE HS ROR NS brand. 

lie POLtland sCOMeNtAtOs DO lets «cele ol =)esalele ol sha aisys ele lols isis sia 
oS RS AOR ke hore brand. 

All sand to be clean and sharp grit sand. 

All water iime mortar to conSist of ........-..... parts 
water lime and ’....00-.5.. parts sand. 

All auicklime mortar to consist of ........... parts 
Inher Bae ae pomowednomAsT parts sand. Lime to be thoroughly 
slaked. 

All cement mortar to consist of ............ DATUS fre necnt- 


CeMeNt-ANd ~sorets'.!. o/s, parts sand. No cement 
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mortar to be used after cement has once set, except as 
sand. 

All common plaster mortar to consist of well slaked lime 
Pe oPehereniare atc ener parts, clean? sharp: Sand) © 5a i-0l cl <tapere= a 
parts, thoroughly mixed. Long goat’s hair or fibre to be 
added after lime is thoroughly slaked, but not before 24 
hours have elapsed. 

All lime putty must be worked through a fine wire mesh 
sieve before being mixed. 

All stone mortar to be composed of one part fresh burned 
water lime and three parts of coarse, sherp sand, to be thor- 
oughly mixed. and amantpulated 2% <5 sais. chic e eice setereesl eener 
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Foundations and Stone Walls 


All footings, piers, foundations, and stone walis to be 
built to correspond with the sizes marked upon the plans. 
The stone used in the foundations to be of approved quarry 
stone, laid on quarry bed, the lower courses to be laid with 
extra large flat stone; all to be carefully bedded on their 
broadest faces all Mlaideim. morta, foc 5. eee ae eee 
each layer well filled and flushed up on both sides and firmly 
bonded together. The foundations for steps, porch, piers, 
etc., to be built as above, and to extend at least three feet 
six inches below the grade. Level up carefully and bed the 
SULT IN we .ccreterete Meee cement mortar, and point up around it 
inside and out, and bed and point up around all cellar 
window frames. Leave all openings in walls where required 
for all drain, gas, or water pipes. Point up the walls on 
the outside as well as on the inside. Lay both faces of the 
wall to a line. 
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Face Stone Work 


All face walls above grade to be laid with 
B55 aie sees s & vertical and horizontal joints. All to be care- 
fully set and bedded on their broadest faces, well bonded 
together and to the backing, and backed with stone of same 
quality as used in foundation. All well laid in 
mortar. The face stone to be pointed with 
mortar made in the best manner. 


ee? 


Cut Stone 
All manner of cut stone represented on the drawings to 


DOs ata oe eee ee eee free from flaws and other 
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imperfections impairing its durability, delivered at the build- 
ing properly fitted by the stonecutter with all necessary 


drilling for anchors, ete. All water table to be of ........ 

Rink afefalis etm incegis chedoi 5 eu fere. 66:8 fine cut. The stonecutter will also 

provide all dimension cut stone for all piers required by 

ENC MLAS ® OL Movctnecie tat a, stot ccna tera oepehecd alastilo.s eis cick aiohl.san taerdsovsrs are 
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Brickwork 


Use throughout the building goed, sound, hard, well- 
burned brick. All brick used throughout the building to 
be laid up in the best and most workmanlike manner with 
IHOTLATMCOMPOSC BOL se cu-pans aie, cist ehoiete) os « johewere, seasetalacdors eleg-Fe bel Shea 6 
and? pDonded once IN NCVeryn sac csc erie acetals course. 

If the brick are laid in warm, dry weather, they must be 
kept thoroughly wet; but should they be laid in damp, freez- 
ing weather, the brick must be kept. perfectly dry. 

Piers. All brick used in piers to be of ................-0- 
TROOP SIC! Fhe eee a We eee Sake mortar, all interstices well 
filled and thoroughly flushed up in every layer and firmly 
bonded together. All piers and wall to be built as repre- 
sented by the plans and of such dimensions as marked 
thereon. 

Chimneys. The chimneys must be built to correspond 
with the dimensions indicated on the drawings. All flues to 
be carried up straight and true, independent of one an- 
other and uniform throughout, with proper thimbles and 
SLOPPErSeDUL LIM Wherertrequined ye NC si cc ckec a ore clg miele a + [olste ale ) 
The withes in flues to be four inches thick and bonded to 
sides of chimney, and to extend in every case to top of 
chimneys. The smoke-flue for heating apparatus to be car- 
ried up from the cellar independent of all other flues -to 
top of chimney. Place an 8-inch iron thimble in opening con- 
nected with the cellar. Build all openings for all fire places 
where required by the plans. Also carry all ash pit flues 
to bottom of cellar and Jeave arched openings connecting 
with cellar. Build all trimmer arches for hearths if any are 
required. Top out all chimneys above the roof with ...... 
BOA OOS brick, and as required by drawings. Line all 
flues with fire clay flue linings of sizes and shapes shown 
on plans, carefully set and joints made with fire clay or 
Portland cement. All spaces around tile flues to be filled 
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Beam Filling 


Fill in on top of stone wall all around between and along- 
side of joists with hard-burned bricks .................-- 
courses wide and to the height of the underside floors. Fit 
the bricks tightly underneath the floor; thoroughly stop up 
all cracks and crevices, and lay up the whole in cement 
ATIOTCATS dic ek ole creloeceiejet eek acs eles Seco ele.e) = a's, whiten ete mate eel atelier ataters 


Lathing ‘ 

All walls, partitions, ceilings, underside of stairs, and all 
studded and furred places to be lathed with the best ........ 
laths, full thickness, and placed ........ of an inch apart, 
and nailed on every stud. All joints must be broken every 
10th lath,.and all to be placed horizontally. Long, vertical 
joints will not be allowed, nor lath put on vertically to fin- 
ish up to angles or corners. “All lath at corners or angles 
must be nailed to solid furrings, and lath will not be allowed 
to run from one room to another behind studding. The lather 
must call upon the carpenter to fur and straighten all walls, 
ceilings, etc., and block and spike all studs together solidly 
at angles. In all cases lath below grounds to floor and be- 
hind? all“wainscottine:- Sove<ss ses coe. os ce ces Cede oe Oe eee 


Plastering 
The walls and ceilings of all rooms and apartments 
throughout to be plastered with .......... good coats of 
ayeraie sitietareiey eC olre ..... mortar, scratch coat, brown coat and 
8 Sr ICI IIe Bienes SO One finish. The scratch coat to be 


properly applied with sufficient force to secure good clinches. 
The browning coat to be screeded plumb and true. Finish 
COAL LO DE 5 SMSF ckatetets caeieirenetee smite io ote Hard finish to be 
of white beach sand, lime putty and plaster or Paris trowelled 
hard and smooth. Sand finish to be floated. .............. 


©1016 Wi0 Bei\0/ 0 ee ee Om wis “Creel Si wlerete ates 0b) S 06 cltiuie) © @ 61a 61s) 6 w 6) 0 @ 6 ele ee) chats 


Cellar Bottom 


The cellar bottom must be levelled off; pack and settle 
it thoroughly and cover it flush and smooth with .......... 
cement concrete .......... inches deep, in three parts of 
clean, coarse, sharp gravel, and one part of good ............ 
cement, and the entire surface to be floated up even end 
true with cement and sand equal parts. Around the sides 
of the main walls form gutters sufficient to carry all the 
water to the drain. Over the mouth of the drain place an 
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iron strainer, and leave the whole job of work in eoodteone 
Gt aes s oie eros Bier Nb a wreaks conte “aioe ete Geiahe ela hcteus. inven cle oelarelclSteh sate 


Cistern 


(if cistern is to be boarded over, then vse section under 
Carpenter’s Specification, below.) 

The cistern to be built as shown upon the plans .......... 
feet deep, lined on the inside with a ...... inch brick wall, 
and plastered with Portland cement. Arch the cistern over 
the top, in a substantial manner, with a double row-lock 
arch. Thoroughly plaster on top of arch with cement mor- 
tar. Leave a manhole to connect with ........:....:.. to 
be not less than twenty inches by two feet square. The 
cistern to be connected with house-leaders through ..... os 
ASSO oie atte in elas Portland cement pipes, well cemented. A 
CUIVOAL TON Ol Dee WALD Gi aorels theta he sir oles Gua sis draw-cock placed 
at the bottom of the cistern, emptying into an iron hopper. 
Thoroughly plaster the cistern on the inside with ........ : 
IS Se Sh oats in Wed and leave perfectly water-tight. Place a 
5-inch cast-iron overflow with hub connection in top of cistern 
where shown, and cement in tightly. .......sc..eccscccvsoce 
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Filter 
Build in cistern, as located on plans, a good brick filter. 
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Iron Work 
All manner of iron work necessary to make the whole 
job of work complete to be done and finished in a satisfactory 
manner. Furnish all chimney braces where required, and 
all ash-pit openings to be provided with cast-iron doors prop- 
erly fitted and secured and of sizes called for. ............+- 


Provision for Heating 
FET OPEL crac tthe oi tle Missle yctoye.s<8 must provide all stoves, 
salamanders, or other heating apparatus and keep the build- 
ing thoroughly heated while the plastering is being done 
and until thoroughly dry. He will also provide all coal or 
other fuel for the use Of SAME. .... 7... eee ee eee eee ee eee eee 


Palatal a siatstor el erersim waele 9 5sln) pif iain oles) ole 8s 2\9) 8S" (6) sre OF Slee a e'0 9,0 6 6 8 0.21% 
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: CARPENTER’S SPECIFICATIONS 


Specifications of labor and material required in the Car- 


penter Work for a Frame Dwelling to be erected for ......... 
Ac sLSE Aloisi seh gieia's. Sagan Rooter eetees according to plans drawn by 
Raia Peken le aha ‘See tek Siok eees CAreniLeck 
Enclosing estuds;) <Geiee eae ese Soles s/s Ss inches from centers 
Kirst-oor= joists’? a. tee ee en eee << s = 
Second-floorajoists:) eee eee ek et = a y 
ATHC-HOOL JOISTS: -o-cdneiinie ale te ie ss coat ss my s 
RALCETS are eg sere: cote oust Ronen te ines «Soe Rika se 4 oa 
Dormers Tatlerses jeer eke score oes. s = Sy * 
Collar “beams; >< és.cactisees oe ors eres we os “y + = 
Partition sti. ..c..acitiiletseret ree thnk. toe ss ~ + 

_ Partitiom heads, 2... 5..c----+..s-->- a os i: 
Bearing’ partlvons. Woses sce. ss. cee si sl 3 
Window and (DOorrStudse th vec o< Gants os oes Ban cite Seem ee 5 
Hips ands Valleysy me xcke cass ec eden wlee creo ctcin Sloe me aerated eee ers 
RIAL OSs 5. Ve ic, 8 Siw ee wleeebaie Diets nin cers Sus Sie s Siecle MURR ES Renee eee 
IPIATES, Mines, cles shes sole be Otome aes Onde es: seinen CAI ERR EA eee 
Garba, eR Sah See eee aches Sree anata ctire Ss wc Ce re eee 
POS bes) 5/5 cheno Mics s WING ert Grain STS SP rw Se Osten Pe eRe Ee 
SHIS SG E8 cos wee le see etek Sialbue 2t se kiwis = an SLRS ere 
BPhG STS rd & svevsierd w hectare ess te 05s Ave eS ee RE Re eet 
BYAGes es ind.c oc osyc siete ere Pesta «ne ois ORM CO eCie e e 
FIOOL-DEAMS). *: Shs ceeus ereeiets Rie in ees on ee ares ato ees OEE 

Porch and Veranda Timbers 

Gig ders; rats ieee eR EO SR ON ee inches from centers 
TOISES MEW ce eae ee ne ee RUE Sie s a ny 
Raters toda Seimei meertieneere ee cee rane ar e 
Sills Pooks. SRA eaeteieeereeticien ete torts “s «e 4 


Sills, 


Cero wee ele ere ee ekee Ge es 06 bie © SUvlen se © see leit ea ejete Gi 6 nies) Sietavana Chem 
oe 6: 60, Riu Bb OTe) Wiese 6 08's 60.6 010 © ie) © bie ele we ele (6) ey = eer 6 «eta 


Sire, Crore © Shee 0.6 o Bhs at ENS Vib ele © WLeNe Se GS 6 Wb Cele oe: « ©W @)N Miele leib telelie ibe ta eet mer oe 


And all other necessary timber required throughout the build- 
ing Lo Ube*ol ‘Food, SOuntm etc tone sawn true and square, 
free from sap, shakes, dry rot or other imperfections impair- 
ing its durability, and all timbers used throughout must be 
prepared and framed according to the plans, sections and 
details. All joists to have the crowning edge placed up- 
wards and sized to proper widths. Also prepare and size all 
studding, ete. Cross bridge all joists at distances not exceed- 
ing 8 feet apart, with 2 x 3. The carpenter must size and 
fur the under side of all joists, and leave everything straight 


SPECIFICATIONS 93 


and true for the lather. All trimmers and headers must be 
framed double, and double all joists under all stud partitions, 
that do not bear upon partitions below; in no case allow less 
than 4 inches between chimney-breast and trimmers. Frame 
all trusses as per details for same. The height of stories as 
figured upon the drawings in every case is between timbers. 
Clear the building and premises at the completion of the 
work of all rubbish caused by building operations, and leave 
thoy puiidine, proomecleans wag cca. os ss cee eee oa eee ee 

The carpenter must provide all temporary doors and sash 
to keep the building closed; he must also provide all tem- 
porary sash-boards, etc., and keep the building thoroughly 
closed in cold or freezing weather. Should the plastering 
be done in warm or summer weather, all windows must be 
tightly closed with good, strong sheeting secured with laths. 
Neate teen ee (octal tiscali a cote oe ie Mloustaters Wevpre faye! sia ic'e silo oMaie te etete we othe elioie 


Frame 


The house to be full frame, all frame-stayed and braced 
in the strongest manner; perfectly true and plumb, and in ac- 


Cordances withs thewsrramineg (Arawin esi... site elcie'sic/ sein) svese/erele © 
Gables 
Place and frame all gables as per drawings. Where 
shingles are introduced they must be of uniform width. .... 
Partitions 


All partitions throughout the building to be set accord- 
ing to the plans. Bearing partitions on first floor must foot 
upon the girders below, and be capped on second story with 
plate for the reception of the joists. Bearing partitions on 
the second floor to foot upon the plate. The studs at angles 
to be thoroughly spiked together before being placed in 
position. All doors to be trussed over the top thoroughly 
and substantially. All partitions to be seized to a straight 
edge. Double all studs at sides and head of door and win- 
dow openings. Put on grounds for finish throughout the 


NINE, Congdon nuded Sumo Liss dod adbED MoeOpotodordboaamo den 
Sheathing 


The building to be sheathed on the outside frame with 
good, sound % matched boards not to exeeed 10 inches in 
width, nailed with two nails to every bearing. These boards 
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to be placed in frame horizontally with joints broken. ..... 2 


Roofs’ 

Cover all the roofs, including those of porch, piazza, etc., 
with good hemlock boards, planed on one side to an even 
thickness, and well nailed to every rafter. All of the rough 
carpentry necessary to form the projection of eaves, as re- 
quired for all cornices, gutters, etc., to be done in accordance 
with the plans and details. All. to be composed of good, 
sound lumber, and put on in a good substantial manner. 
Build all secondary gutters required to carry sufficient water 
tOXtTANK: IN Wis 2S eee eee eee le Les wee itm ee hs oe te 


Cistern Cover 
Cover the cistern over the top with 2-inch hemlock plank, 
and lap the joints with l-inch boards; make thoroughly tight, 
and leave manhole, and cover the same with batten doors. 


OMe eC ener eeeesseeeeseereseeseeeereEvTeteneeresereseresBEeveseoueseo 


Lumber 
The lumber used throughout to be of white pine unless 
otherwise specified. All of the exterior finishing lumber to 
HSVCOMpPosed “OL A haaewa were se ee hem lumber. All inside 
finishing lumber to be clear and dry, free from saps, shakes, 
or knots. 


DOO) © 7S. O: 10 6106 '& 00 O40 61.0, 60,016: 6) 0 @ 40 © © ule 6S 4180 006.0 we ele Sle * 0) 8.8 'e 6 elels Sie teas 


De Te: ble o's a NaF [IS DS, 0; 6 ale SO: 6 Vie 66 00) Ge » wie eo © pcs wlalhferete atetel sb mit 


Exterior Finish 


All of the exterior finish for corner boards, window and 
door casings, cornices, water tables, verandas, bands, sid- 
ings, and all manner of finish shown on plans and details, 
to be of lumber as above specified, and primed as soon as 
put up. The exterior surface of the building, where required 
by the plans;7to" be, covered fwith s. cee sce cee ae eee eee 
face of white pine, as specified under the head of lumber. 


{06 16 6 Oe iS 60 € 0 © © ©.) ‘a nb Sie10) 019) We (6100 -U mo © Ss © 06 6 6, 0 6186S Se bible eee ele eevee 


Verandas 

Construct all porches or verandas in strict accordance 
with the detail and working drawings prepared for the same. 
Form all mouldings required for all cornices, railings, col- 
umns, capitals, etc., with exactness, in conformity with the 
full-sized details and sections for same. 


OKO WO O/C UNE Keele elw 8) Oe e's 'e te er wile ieepele) eters aNe ere) 
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Cornices 
All cornices to be constructed in accordance with the 
working drawings for same. All mouldings must be worked 
with exactness, and no stock mouldings will be allowed un- 
less sanctioned by the architect. All gutters must be care- 
fully graded to run all the water to the required outlets, 
all tonpe put-up ina ’substantial manner: a.cees oes ec os oe 


Building Paper 
UOT ete erereFereie © alate rele teteiters erare tele of the building and roof 
ton.pe! covered. With ae. sso. > ply building paper, well up 
on the sheathing boards, carried close up to all openings, 
AOINCSE WEL TApDSd) ANG etal led ge ta versteve's cic etololete iectetolelelets,oisjeieve.s 


Shingles 
All roofs to be covered with the best quality of sawed 
PINE RSNINE ISS ae oreo e-e1e viel -ye inches long, laid 5 inches to the 


weather, and secured with at least two nails to every shingle. 
Start with double courses at eaves. Finish ridges with re- 
bated ridge boards at least 6 inches wide. 


Cutting for Pipes, etc. 

The carpenter must do all cutting, casing, boxing, bor- 
ing, etc., for pipes of all kinds, including plumbing, heating, 
water pipes, etc. Care must be taken not to cut off or 
weaken supporting timbers. In no case cut further than 2 
feet from bearings nor more than 2 inches out of beam. 
Put up beaded casings in kitchen for the reception of all 
plumbing pipes, and ease and box all pipes when required. 


Floors 


Lay throughout the entire building a good matched ...... 
> REN OIE under flooring laid diagonally, securely nailed— 
joints on bearings only. Upon this floor lay all other floors 
of the various kinds specified. All floors, when not other- 
wise specified, to be of white pine, free from sap, shakes, 
black, unsound or loose knots, mill worked, tongued and 
grooved, %-inch thick, not over .......----- inches wide, all 
well and blind nailed to every joist. The porch floors to 
be of white pine, 114 inches thick and 2% inches face, the 
joints to be well laid in white lead. All floors required 
by the plans to be of lumber the best of the kind specified, 
all to be tongued and grooved, and all blind nailed to each 
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joist, and all joints to be neatly smoothed up. Lay through- 
out the entire attic a good pine floor, free from loose or black 
knots, tongued and grooved, not over 5 inches wide, well 
and blind nailed. 


The katchen andipantry floors)to be -...oe eae eee ee 
Thezvbath-room, floortouDe? > cine cane < Genie See ee ee eee 
The (dinine Toon EflOor ston Des ees. essa cv oxi le eae ee 
"The hall floor atembOW ek wt sss co ae sb Os See eee eee eee 
Deafening 
Deafen all floors where required with .................. 
Doors 
All doors in the house, except where otherwise specified, 
tosbe=“made Obs. t eeweceat cue « free from sap, and must be 


in strict accordance with the drawings. Size of doors to 
be marked on floor plans for width, height, ete. All hard- 
wood doors must be veneered and finished in a first-class 
manner. All doors to be made of the same kinds of wood 
as finish of rooms in which they face. Veneers to be not 
less than 44-inch thick, laid on glued-up and white pine cores. 

Tlie front and vestibule doors, to be made as detailed, 
LO5DOx0L" Soca ae eee eS Inches sthicks.s.5asee0 Meee 

All inside doors to be 
made of the best white pine, and to be 
Inches, “thick. (Fo. ciactiscernen Sopienis akeins «hori eee eee eee ee 

The sliding doors to be made to correspond with the sizes 
marked on the plans, to be .......... Hoc inches thick. 

All doors marked on the plans as sash doors to have 
proper rebates for receiving glass, and suitable provisions 
for same with beads, ete. 


eae ee RC Bae Us IO 4 OY is ai Ee Ce Oe PO cr sit OO) ORAM Guo, 


i a 7 


SPO! ENO R88 C0) 0/0 foe e lee @Fe) eye, WIS teke (i feie/eLere Miwhy ‘ete liters] aie veeianataattene 
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All outside and inside cellar doors, required by the plans, 
to be of kind known as batten doors, made of two thick- 
nesses of % ceiling boards, hung to strong plank-cased 
Bi gM ENS) EM Aen iaet eae PANGS Cicaici NChCe EE EER ana Bic ae hy ae eee 

Build all hatchway doors required by the plans of two 
thicknesses % lumber, and hang to a substantial frame-work 
with good wrought-iron strap hinges. Case the top of stone 
side walls in a good and substantial manner. Provide good 
plank stringers and steps to cellar, to be of 2-inch .......... 
lumber. Furnish all flush rings to raise doors, and leave all 
MOMIDIOLOSS , ye ons iedeiai egaussstohods aeons stelle ales auaia’= ¢. shinee amen Sictaietts bee rote 

All outside doors to be, as shown, of best white pine, to be 

Biers cons. els eieusro's inches thick, also make all other doors required 
by the plans and details in the most workmanliké manner. 


Thremvestibulenton navies Garis sae cn eo. ts ase) oteteds floor laid on 
ROWMOLE Ce cotatele ott. secrets’ o castes steps floor the same to be laid 
diagonally. The sides, soffits, and jambs to be finished with 
AE a ascte Beater seeNee® ocald all to be paneled and moulded as shown 


Hardware 


Butts. The sliding doors to be hung on .......... patent 
door hangers, the track boxed in as per furnished directions. 
Hang all doors throughout with loose pin butts of sufficient 
size to throw them clear of architraves. All doors over seven 
feet high to have three butts each. Butts on front doors to 
DG Weft tere che tata eta sreto ith aero Buaicl ei'ar'sitsi/ev6 ov's.e) o> el'aler-«::d\al eV akon or sreneteheliey shave! one 
BUttse ON eal RIGS AOOIS COLDE! ice a sistas 0 oisieioreiste etclotereieraie sae 
Butts on side and rear doors to be...........eseeeeeeccesees 

All dwarf doors throughout to have suitable butts to match 
other furniture, and all door butts to be loose pin. The cellar 
doors to haye strong wrought-iron hinges, with hooks and 
staples, and all trap-doors, if any, to have the necessary flush- 


Tita CU OM CALIE ye ctsitaletalots wicvelehareisl ovale c. elclla’e| evelie lel ietotatadele clereveiele oie : 
Double-Acting Hinges. PTAC Clee rerstoia sieleveielelenste double-acting 
PgR ONIN perce eranecarsicdo cts cnc loves cic isis 2 te 6 sscvere se elo slshetate era wicsre eis! 


wetter ers eet ere eee reer ee esre eee ere eee oes e ees ee eeeeee eo eseseses 


Knobs, Rese and Escutcheons. The front and vestibule 
POO PSMA MLAVCldedeccls. atta alee lonely eieitie;s leleuemei ees are knobs, roses and 
escutcheons. All other outside doors to have ............. 5 
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knobs, roses, ete. All inside doors to have .........-. knobs, 
_roses, etc. Put suitable knobs on all dwarf-doors, press-doors, 
CEC Sale obs SU ils Si htete wicca teterais ties pe. ota wralohenelstel pale ls roleesiel street -mee= 
Locks. Front and vestibule doors to have a .......-...+- 
FAS lock, with two Keys, and to have’ 22. ooo e kw = 
front and striking plates. All other outside doors to have a 
good 4-inch lock with brass front and striking plates, and 
two keys. All principal doors inside to have a good 314-inch 


MOrtise slOCK Withestemiektes kisetes eit ier are front and striking 
plates. Sliding doors to have locks with astragal fronts of 
eistSccile snsleves Mare state and: flush furniture: Of... 2... san <cneeie cate 


All small closets, presses, drawers, etc., to have suitable locks 
as approved. All door locks throughout to be mortise locks 
and=-ofi thes best manufactures ©. <ccae- «nae eee eee hicicieemeae 

Sash Locks and Lifts. All sash locks throughout to be of 
nick svsibi sso. sth /atovebel sussopetetensl stot oweteiofonsteterase i Also all lifts to corres- 


ee eo 


Blind Hinges. The inside blinds to be hung on .......... 
inch Berlin bronze parliament butts, and trimmed with shut- 
ter bars of same.. The outside blinds to be hung on approved 
outside blind hinges and trimmed with appropriate appliances 
For Pastenin Ss) atthn. meercwtere a sieves ace sloiele sie s.4. sie ener Pomtee Cee eee 

Wardrobe Hooks. Put two rows of wardrobe hooks in all 
clothes closets. All drawers to be trimmed with ...........: 
pulls, and all other hardware and trimmings to make the 
whole job of work complete, to be furnished of the best kind 
SPecl fied Lie. PR eaters sacs le kaiw ew ea) a aa te re teres Te ae 

Bolts. All double doors to have sliding bolts at top and 
bottom, with levers and rods, all to be mortise bolts of suit- 
able size, and to correspond with the other furniture of doors 
on which they are placed. The front ............... 5 5 Lele 
to havemmortisempolts=olws. ..n aes ae ee All hardware 
and trimmings of all kinds throughout the building required, 
and not specially cited, to be furnished in penterhy, with 
other work where used. 


Window Frames 


All window frames constructed to correspond witk the 
working drawings for the same. All to be made box frames: 
and fitted for weights. All made of clear white pine well sea- 
soned. Pulley stiles 1% yellow pine oiled; 14-inch parting 


SPECIFICATIONS : 99 


strip, 2-inch double sunk sill, inside and outside casings and 
staff beads. The cellar windows to be constructed in ac- 
cordance with detail drawings for same. Put in %-inch rods 
3 inches apart placed upright. For sizes of glass see floor 
plans. Read first figure for width and second figure for 
height, thus 30x34. All windows shown on plans as box 
frames to have recessed pockets finished in accordance with 
the detail drawings for same. All window stop beads to be 
composed of the kind of wood used in finish of rooms in 
WHI CHeEt hey. TACO IM ots eiatstaicia cyetetscaito slats < vic sjortvaie cpeienersie eneteceleveters 


Sash 
TNE“ SABHATO. DG melcreyeursrets inches thick and hung on silver 
lake cords, weights and noiseless steel axle pulleys. Sash 
inecellarewindOWS tO. DE) 2a... 2 eee inches thick, and to be 
hung on back-flaps and secured with hooks and staples. All 
sash to have approved sash-locks and lifts. ................ 


Transoms 


Mransoms tO (Ne PlACEGMOVEIIsncle «isis «, s1e)oisteleleereys doors, the 
SEIsin Mixer loys ale bAsel Gyele@el ao aoosoodcodc acon’ glass, properly 
hung on reyersible pivots, and operated by transom lifter. 


flip ieths.a:erib.ei16) w\[sl(ere) | @l8\4)\0 0 |p 1s) vile 6.'0 9.0116 @he 6 10)'6: 0. 10° \671e 61:80 601066678 5810 6.6 49/181) 0110.66 


Glass 
The window sash to be glazed with .........s.ceeeees 
glass, to be well-bedded, bradded, back puttied, and cleaned 
otf. The cellar windows to have .......:..6.....+.<; glass. 


Also provide and set all glass for all sash doors where shown 
on plans. All glass, where shown in front or side door 
panels, to be Of .......-+-+see-ee- SASH. Gatartete ie etalene Mss) st 


Cathedral Glass. All cathedral glass to be furnished by 


Blinds 
The windows to have outside rolling blinds made of best 
HONK NE Hondecodqsdoosdoood0cs God auOOD DUDUC COO SC OnRDOCOT 
Interior Finish 


All to be constructed, as required by the plans and de- 
tails, with sound, clear, thoroughly seasoned, kiln-dried white 
pine, unless otherwise specified. All put up with neat, close 
joints, smoothed up, and well sand-papered with the grain. 
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Base to be put down in all apartments not wainscoted. Beads 
to be put on all corners, and rubber tipped door stops for all 
doorssof, wood .tovmaitch finish of Toom. ©... eee sees 


eee ee ee eee mee ee ete eee eee ee eee eee eee eeereeeeeeeeeeeeeeeEeeeeEe 
Dee ee ee eer ee wee ete eer eee sees eeereeeeeeeeeeeeeeeeEEeee eee EE ES 


See eee ere rere re eteese reer seer eeeseeeeeereeeeeeeeeeeeeeeeeeere 


eee eee rere reer ete eer eres eee teers eeeeeeeeeereeeeeeeeeeeeenee 


Peer ere eer eeer sete eeeeeeeeeet eee eee tee eeeeeeeeeeeeseeeeeene . 


ROOMS OVER Ts woleeutetetc ete ers eles wclehe ste to be finished with 


Poem eee eee eee sr eta eee eee sere er eer eeeeeeeeeeeseeeeseereseeeeteses 


Stairs 


All stairways to be built where located on plans. The 
main staircase to be built and supported on strong plank 
strings, the risers to be %-inch and the treads 1% inches 
thick, rebated and glued together. Dimensions in all cases 
for height of risers and width of treads to be measured from 
the building. The perpendicular space under the stairs to be 


finished [with -.<cvacieicrisisive ier The soffit under stairs to be 
Pinished> WLU» ..<.s secrete iis wie et eeie orders The treads, risers, and 
platform Of maint stairs sbOnpOvOlacs tin eerie All stairs 


must be put up after the plastering is dry. The attic and 
kitchen stairs built as required by the plans, of a good quality 
of stock. All cellar and outside stairs to be built on good, 
strong plank strings provided with plank steps of pine put 
up and -thoroughlysseceurediwa cs ccc sc cove eee 


Newels, Rails, and Balusters 


The newels, rails, and balusters and stringers to be of 
selected: (dry Miia cpeanteruehereucnctarerere ee nee worked and moulded, 
carved, etc., in accordance with the detail drawings for same. 


Closets 
The closets to be fitted up with beaded cleats for the 
reception of wardrobe hooks. Also put up ......... rows of 


shelves: on (Sic. See eee sides, placed on beaded cleats. 
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Bathroom 
Wainscot the walls of bath-room to the height of ..... aioe 
feet with narrow beaded %-inch ceiling ......... inches wide, 
and cap with neat beveled and moulded cap. Put up fascia 
boards for plumbing pipes to support W. C. tank. .......... 


eee eereees BRAK Cee HO oe Ke Hee Serer oreereseeHwnveneeereceseceseee 


Kitchen Pantry 

The kitchen pantry to be fitted up with white pine shelves, 
to be placed on all available sides ......... shelves on each 
side, to be of %-inch lumber, with standard in center from 
bottom to top. Build a counter shelf 2 feet 4 inches high, 
and 20 inches wide, by 14% inches thick, under which ar- 
range for two closets enclosed with panel doors. Also put 
by che TA drawers: shelves sonar ves snacie oe sides to 
be enclosed with panel doors, all to be properly fitted and 
trimmed. Also furnish all trimmings for the full and proper 
COMIPLSUONLOL CHS -PLODEL tame cr.c ster) asclaielol stews cise Oteoacis ots eine 


China Closet 
Fit up china closets with shelves; put in counter shelf 
two feet high and |... 5.050000. drawers underneath; furnish 
Sle CriMiMiIne Ss fOr SAME. a). csalee ee ois s cele e welts oe rate iie onthe bate 
Kitchen Sink 
Ceil up for splash-back sixteen inches high over sink, with 
Narrow beaded battens and caps same as wainscoting. ..... 
Wainscoting 


Wainscot walls of kitchen, pantry, etc., with %-inch beaded 
ceiling 3 inches wide, and cap with a neat beveled and 


moulded cap. All wainscoting to be ............ feet high. 
Mantels 

Furnish and place where shown ............ mantels to 

correspond with the detail drawings for same, to be of ..... 
Scuttle 

Placemat oesatecrere ashe © scuttle in roof connecting with 


Rear PAR Coe ese to be properly tinned, well secured with proper 
fastenings, and made perfectly water tight. .............++- 


eee e ee ee ete eee eee ee ee eee se eeeeeeeseo recesses esereseseeeeeeeee 
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Door. Bell 


Provide and install where required a good electric door 
bell, push button and plate to match other furniture of door. 
Put up bell where directed and provide batteries necessary. 


Thevtank ine. ..mccaewe tess = tice , aS shown on plans, to 
be constructed of pine; the bottom formed of 1x3 inch pieces 
of pine laid on edge and firmly nailed together. Build on top 
of the bottom so made with 1x4 inch pieces of pine laid fiat- 
ways and well nailed together, the corners lapped alternately, 
the whole to be supported on strong timbers having a solid 
bearing. Double up all joists underneath tank and bridge 
thoroughly; also truss-brace all supporting partitions under- 
THERE IS ciaci cede ates cMehe cilcroya Soe inte bre 2 Silcjcite Slabs charters ete a enetee et 


Cold-Air Duct 


Construct a frame of 2-inch plank, to be built in under- 
pinning, where marked on plans, to admit cold air to fur- 
nace; cover with coarse wire netting; construct a cold air 
box from this opening to furnace and make air tight to suit 
the requirements. Put in a slide damper inside of cellar wall, 
and “make .the .wholejob-completel, ~J.2o.ue. eee cee een 


Pe Se 08/0 0G 16 RS 0 610 6 0) 8:O wie iele a wile 86 0h 614 6 so 6 Ces 6c. 6 6 Ue bw OR 6 ele ue e606 


Coal Bins 


Build coal bins in cellar where indicated, fitted with slide 
openings and hopper. ...... A oa oO oa aa Gio sae 


Tinning 

The angles, valleys, gutters, etc., of all roofs to be cov- 
ered with the best IX roofing terne, with brand of maker on 
each sheet. Brand to be approved by architect ............ 
Cover roofs with same brand I C terne plates. The gutters 
to be properly lined, and run the tin up under the shingles 
at least 10 inches; bring the tin over the face of the cornice 
and tack it down smoothly. All tinning throughout to be 
well locked, nailed and soldered in resin and made perfectly 
water-tight. Leaders of galvanized iron put as indicated on 
plans with all the necessary curves, breaks, bends, etc., to 
carry the water from the several roofs to the cistern. The 
leaders: towbeof mucosa ers inch calibre and thoroughly sec- 
ured with hooks and carried to cistern; to be given proper 
fall, and hooked to joists with iron hooks. Flash around 
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chimneys and walls with stepped cap flashing. Cap to lap at 
least 4 inches. All proper and necessary places to be flashed 
whether specified or not, and everything requisite to make 
all places water-tight must be done, all leaks to be stopped 
after other craftsmen, and everything left perfectly water- 
tight on the completion of the building. Cap all window cas- 
ings, projecting cornices, returns, etC. ....c..-cccececeseces 


Galvanized Iron 
Furnish all galvanized iron, 24 gauge, required by the 
“HHS BoCwucSoasTes AOS ae as is eGo oie Suateie lajsrals ot tere oats toons oe 


PAINTER’S SPECIFICATIONS 


Specifications of labor and material required for the Paint- 
ing and Finishing of a Frame Dwelling to be erected by 
te ea ace ele aay ois i cas eakeratele oS ieks: aloleta'e) e\iellyr eke aa sieretcliane according to 
cheeplans (AVA WM DY wate aye = Selectors c= sie ejeroin iors as , Architect. 

All material used throughout the building to be furnished 
of the best quality, and all labor to be performed for the full 


and complete painting of the building. ..........seesseeeee 
Exterior 

All the exterior wood and iron work must have .......... 

SOOURCOAUS Olgiarrccarsiels slety els telsielers colored as directed. Paint 

all the tin and galvanized iron work with ......... coats 

Hester nerdaly Walters leksteetersiyalelecelels cisis «at etlol als Motch retecatese 
Interior 


All interior woodwork to be painted where required, must 
be well sand-papered, puttied, and rubbed down. All painted 


Wil LL eee rae eel eco ZOOM COMUS) OL ereccierele + oie sielaiclel sels o)se eee 
in such colors or tints as may be directed. ..............-. 
Hardwood 


All hardwood to be filled with the best paste or liquid 
filler, properly and evenly filling the grain of the wood by 
rubbing in and cleaning off thoroughly shortly after putting 
it on while wet; follow this with one coat of pure spirit 
shellac, and rub down with O or OO sand- 


Pr ee ee 


104 RADFORD’S ESTIMATING AND CONTRACTING 


Se aca. soto Bika , rubbed down with pumice and water to a 


Oe 6 e 66.0 6 0 0:9 6 0 8 @ ¢ CKehs 616 6 a) S19) a, S'S) e 6 0) 01s 8 wo 6 0 Mee Sle & 608) @ ee = wm em Sie sie 


Pine, etc., in Natural State 


All the: wood Work LOM ewe cle esis cisieic le sige ae to have one 
COat-OLs PUTO SDIRI Le cries otetelote ieee shellac; and “2. ti.n<2e0 
Coats” Ot” J. , ak. s ses .< ste ateesetels claterecaes , treated and applied same 
as sspecified Lora Nard WOOdss ser c.s~/o sieleyancsin ere el eter im el oisiaetne rere 


ele 6, 66010. 6 6 eleicla €.6 © © ail ecle| © olele) «ib 0/0 66.0 © 910 64 be ore 6 is oe a Ose w 6 6 Se Slee 


Hardwood Floors, etc. 


All hardwood floors and treads of stairs not to be painted 
or carpeted to be filled with properly prepared paste or 
liquid filler and finished with two coats of ................. 
rubbed down with pumice and water, oiled and wiped off. 
All hard pine floors not painted or intended for carpets ta 
tOZDE: 21 Ven TWO. COALS Obes eta tere, orepn aisle ie ia eee Sree eee 


Peewee eee ee reer ee ete ee eer eee eee ere eee eeeeeeeeeeseeeeeeseeseses 


Inside Blinds 
Fill with best paste or liquid filler properly applied, and 


followed by one coat of pure spirit ..............% shellac, 
well rubbed down with sand-paper, and finish with .......... 
Ooromrenhe leteriuee rubbed down with pumice and water, oiled and 
WIP sOfh 6 Slew ates hens) oars tedste ses atelein wat lic, cus iene etree nc eee < 


O00 60 0 oe 4 © 0 08 OO be Ae ee Ce we ee ee ee ee Cowes eo eee 6 86 t © 6% b 0s eels © 


Inside Front Doors 


To be filled with the best filler properly applied, followed 
DY ONE CORt OL MPULG Me DICLE Mek een cic teen iene shellac, well 
rubbed down with sand-paper and finished with 
coats of ; 


ee es 
0) Olle NON e She ere le els Bins etal’ wiele e @ 0 be oe bee we biye Shu velerele.= 6 a ules 


OOF w:ej0) 010i) \0' 6.0 ee le Vile wisi eiere tee els: S10 lees -« © se © (0.06) em (0 ls ih) Sale e o)wiieie) eau) wiles (ees 


Viel eOh6 oes 38-68. 10 eis :'R.a een bee eee ere 16) 6 sl ete wean ie 


O'S 18'S 0. 0 Bie e10 Ole \e) oe ve elle [6 hee wie) sa Siu see) b'9 010, 0 6's © Che fk als ele. brerevale allel coete: 


ee 
© 8.0) Og: Wel) 2.010) 6 pC a Slels er ele) Rye le ews) ew) Sie (b) 4.0! © mcd gm etm. wie, ECU S Tet MPS Shale ite eel a 
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HEATING SPECIFICATIONS 
Specifications of labor and materials required in the Heat- 


ing of a Frame Dwelling to be erected for .............-..0. 
aavabersie oye u's euere evaleiers hate according to plans drawn by ......... 
AS OO HOR DOA OO Architect. 


The specifications are intended to émbrace the heating 
apparatus proper, together with all smoke pipes, tin hot-air 
pipes, register boxes, registers, wire netting and dampers, 
complete; also all cartage, transportation, and labor of every 
kind, excepting only mason and carpenter work. ........... 


eee meee rere rere er ese ee sees eeeseeeesseseeeeeseseseerereoeeeeeee 


Sizes of Pipes and Registers 


First Story—The front hall is to have 12-inch pipe and 
12x15 inch register. The parlor is to have 12-inch pipe and 
12x15 inch register. The back parlor or living room to have 
12-inch pipe and 12x15 inch register. The dining room is to 
have 12-inch pipe and 12x15 inch register. .............0.. 


meuelniel @. ©) ea», <)00) e176) 0 0)si'siRle 6).6) €) 616 © ne 0.9 ©. 0.118) 6.6) 6:'0.-$''s (0),6)0)(¥)0n01\8 O10) S 0, 070;10)'e €1 0\\e he 


10-inch pipe and 10x14 inch register. The chamber over 
parlor is to have 10-inch pipe and 10x14 inch register. The 
chamber over kitchen is to have 9-inch pipe and 9x12 register. 
The chamber over back parlor or living room is to have 
10-inch pipe and 10x14 inch register. The chamber over 
hall is to have 9-inch pipe and 9x12 inch register. The bath- 
room is to have 8-inch pipe and 8x10 inch register. 

Each room is to have an independent hot air pipe, and all 
hot air pipes to be made double when they pass through floors 
or partitions or behind furrings. The pipes must be care- 
fully arranged so that all may draw equally, with easy turns 
at every change in direction. All register boxes are to be 
made double; all tin work to be made of XX bright tin, and 
all woodwork within one inch of any hot air pipe, or sixteen 
inches of smoke pipe, to be protected with pieces of bright 
tin, securely nailed on. All registers are to be of ......... 
make, all to be placed where shown on 


ee ee ee 


Dike ldo oes so DOO DOUG UCN Oo cntICe BOD CEICOO DCO AOU CIO ORES AO0 


Cold-Air Duct 


The cold-air duct to be furnished and built by the car- 
penter. Connect the cold-air duct with furnace with gal- 
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vanized iron at a sufficient distance from the furnace to 
render it fire-proots ay. ec eerie a= Las, = chao Oieis insie ole lerSinpaie eres eaetS 


Regulator 


Furnish and put on in=the® best manner ’s..4--e ie eee 
automatic regulator, to act both upon the check-draught and 
the damper in the smoke-pipe, and leave all in complete work- 
INES OTST Hed ssiete esos Ss is. dias Gs ole es retarted. eiepeeterets 


ey 


ay 


PLUMBER’S SPECIFICATIONS 


Specifications of labor and materials required in the Plumb- 


ing and Gasfitting of a Frame Dwelling House for .......... 
DAO Ba Gre atu onne according to the plans drawn by ......... 
teat neeeeceeeeeees- Architect, and under his supervision and 
direction. 


General Conditions 


Before beginning work, the Plumber is to submit for ap- 
proval and place on file at the office of the Board of Health 
OLA a serene IDE See ee eee ot erate Claee oe RC OE ee a copy of their 
specifications and accompanying drawings. The plumber is 
to do (or personally superintend the doing of) all the herein 
specified work promptly, as the progress of the building re- 
quires, and is to give proper authorities, at proper times, all 
requisite notice and obtain all necessary permits relating to 
such work. Also obtain official permits and license for tem- 
porary obstructions, and pay all proper fees for same ; he is 
also to carry forward his work at all times, with the greatest 
reasonable rapidity. 

When the specifications vary from, or conflict with, the 
drawings, the plumber is to be governed by the specifications. 

All work is to comply with the ordinances of the city, 
and with the ordinances, rules and regulations of the Board 
of Health, and all such ordinances, rules and regulations ap- 
plicable to plumbers, plumbing and drainage are considered 
a portion of these specifications. ‘ 

The Architect and Plumbing Inspector are to have free 
access to the work at all times. 

The Architect, or Plumbing Inspector, may cause the re- 
moval from the work of any incompetent workman, and reject 
any pipe, fixture, or piece of work which does not meet the 
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requirements of these specifications, and all at the expense of 
the Plumber. 

All necessary Mason’s and Carpenter’s work is to be fur- 
nished by the owner, without expense to the Plumbing con- 
tractor. The Plumber is not to cut wood work. 


City Water in Yard 
Ttrto DeaDrouehttrOnt ere ereterkeler ons! eke to a point inside of 
(alicia Veil” MBO eetey As Siceriab oop paOde ou oE This pipe to be 
laid 4 feet under ground. Digging and filling trench to be 
dene by the Plumber. 


Street Hose Attachment 


Furnish and place on City Water Pipe, either in yard, or 
HNcidovOLe tronbs Collate welllwra meter ele cielo t etotsel oles tet eheletel ae aie lela e's 


sleia alee 'a;auels, ©! 6a ee sib elde wiiais ia: tele! sl.eiin eo) es 6 ie (Nap 6e 6 .6¢ © [el,'e\\s) opera egie).e) eu e Kgs) 20 elte jee 


Soil Pipe and Branches 


Hrom tront. cellar wall a line Of ...2..4.-.-1- extra heavy 
cast iron soil pipe, is to -be carried back to a point where 
necessary to receive upright lines of soil pipe and to the 
cistern overflow. This pipe to have a fall not less than 
inch to the foot. Where this line of pipe enters 


o 2 Bi sie ia, 92 ee ree 


house end of the sewer in yard, place a .............-. run- 
ning trap, with hand hole properly closed. On the house side 
of and near the water seal of this trap place a......... inch 
fresh air inlet pipe which is to rise ......... feet above 


ground and to have an open turndown end. This opening 
to be carried away from any window. 


PAULING) Of AION ete oteialollat scl aleteeteto ions cast iron soil pipe is to 
be carried from sewer in cellar up and through ......... Tiki 
Santee ste abOVeRrOot andetonnavie alder ii) LOD and 
EST tl PALO Te eee eteve ele. chev os Rae Ohara ofa ofa ov'er sels! 0, om .ol'e [aot eres" erehe olete clierekeieics 


SusUet a adeeb revere) acid) 6, ta ei Se VeRvetel issi8) (Weise Levie) eee esc) e ie ve)re! <p, 16.(eilie/ (abe Uae tanenies ince le) ‘0! 8:49 cn ievie. ¢) 


The soil pipe is to have the same diameter to the roof, 
and it may be greater, but never smaller above roof. All 
branches into the soil pipe must be Y branches. All points 
in the soil pipe must be made thoroughly tight by caulking 
with oakum and melted lead. All cast iron pipe, including 
both waste and air pipes, are to be of the best quality. These 
pipes are to be put up in the best manner by hooks, hangers 
or pipe rest. The mouths of all soil or vent pipes above the 
roof are to be located away from windows, chimney tops or 
ventilating shafts. Where these soil or vent pipes pass 
through roof, a water tight joint must be made by providing 
and fitting a flashing Of .......-ecsse cece cere ee ee cence sees : 
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and to be securely fastened to roof. All joints between the 
cast iron pipes and the lead pipes are to be made with cast 
brass ferrules, of same size as the lead pipes, and soldered 
to the lead pipe by wiped joints, and caulked with melted 
lead and oakum into the cast iron pipes. When cast iron is 
in place and before fixtures are set or plastering begun make 
hydraulic test. 
City Water in House 


From cellar wall continue ......... inchs... heen pipe 
GO Mae seh aldara area. beter c GRO ETE Due a oboe omer Re en eae eee 4 
m rehsuxls: ate uaionetcteae fo aier ets reaeietele above first floor joist use ......... 
InChis. «dye tatose asia eee Dipes-* PISCE. cee INCH ee oiere < 


stop and waste cock on city water pipe near cellar wall. 


Lead Pipes 


‘Support all lead’ pipes by metal tacks soldered to pipes. 
and fastened with screws to boards put up by the carpenter. 
Use no hooks for fastening lead pipes. All joints between 
lead pipes are to be wiped joints. Keep hot and cold water 

pipes everywhere at least one-half inch apart. Run no lead 
- pipes on outside walls, unless absolutely necessary. When 
pipes are liable to freeze, they must be properly protected. 


Tank and Connections 

Linea tank; on seeeeeeee HOOF’. eases itlone hee ne 
ftsPwidets ine. cee ft. deep, furnished by owner ready for lin- 
ingeyawithisheethosaeucean eee. Ob Sah. cehcis cee eee Wipe the 
seams and dot the sides 24 inches from center to center, place 
ci eaancoh amie inch cork and key in tank on supply to fixtures 
Connect the tank with the SvOp-COck = bys alee eee inch 
ee eee nice ae lead pipe. This pipe to be carried to boiler in 
kitchen and from it branches are to be taken to all fixtures 
to be supplied with cold tank water. 

To empty tank provide a ......... inch T handle stop- 
cock connected to the bottom of tank and carried into 
Sicha 6.9" ta sa gl'sjt wre hula ato Osi eam NMeTER Se TE Tenay alictare oe The tank is to 
be provided with a ......... INCH cree galvanized flow- 
pipe, and it is to be carried to cistern in cellar, or to nearest 
LOO FOS aaee ee 26 iron ie 
Control supply to tank with Berkley ball float and valve. 


see eee ee ee esecce 


boiler on stand, placed in kitchen. The boiler is to be sup- 
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plied with water through a ......... YON 65 50G.cni0d pipe, and 
is to be connected with water back of range, water back to 
be furnished by owner, through a ......... AWC, vacretarseartare 
brass pipe and brass couplings. A ......... inch shut off 
cock is to be placed on supply pipe at top of boiler. Provide 
Seite oe inch ......... lead sediment pipe with a ......... 


cock at bottom of boiler. 

From the highest point in the hot water pipe return a 
Bee cislche sia ttoiene ce eicis lead to be connected to sediment pipe 
between cock and boiler. This pipe to act as a circulation 
pipe. Also from highest point in the hot water pipe run a 


Siete tess 6:3 inch .......... pipe up to and over top of tank 
leaving end open for escape of steam. A separate line of 
lee eeeho tots inch ............ pipe must be carried back from 


top of doiler, to supply hot water to the different fixtures. 
Kitchen Sink and Pump 


Himish ands place sas spers planer... al cle) -letele\clelaieverorale sink. 
Connect sink to soil pipe by a ......... inchigeamscovcwsae 
lead pipe. This pipe to have ......... InC hie ae ee lead 
trap, near sink. Supply sink with city water througha...... 
HOO) gokiaits doco ieoxer Bul saobasacgscetinks faucet. Supply 
with hot water through a ......... INCH et arses: pipe and 
tars Cee AI RCH faucet. Furnish and set a No. ........ 
pump on sink, pump to be connected to CIStErN IN tie sin cle clea 
CHVOUS Ne aac creel: Abe! OW Cicer e DIDO Restle ereatercrse ors 

Wash Trays 

Furnish and place a set of ......... .. wash trays in, as 
MOTE PIA persis aelove eleta lets ale» els]=/e1n\sis ie] eleie)wiwsee/a\a's « ciakeiejsieiels/ ala) sie) 0leiele 
The wash trays are to be connected to soil pipe by a ......... 
inch lead pipe, and each to have a separate ...........-..++- 


trap. If possible make an open connection over a slop hop- 


(OG? swddan bbe no Saw dhe on codouDoo Soa doamacenT 900 Guno dud OUOO 
Supply each wash tray with hot and cold water through 
pinta) eee Is inch ............ lead branches from main lines 


of hot and cold water. 
Butler’s Pantry Sink 


Furnish and place, aS per plan ........-.sessceeceesecees 
Supply same with hot and cold water throu eae ae - inch 
We Noe aioe srehs lead branches, from main lines of hot and cold 
supply pipe. Place over the pantry abale PAINS 44 ts on irao como 


pantry cocks, one to be connected to each supply. Connect 
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pantry sink to main soil pipe, through a ....... INCH ao sei 
lead pipe, and place on this pipe near sink a ............ lead 
ET AD)... Ses cn elisa, s :a).ohs, <iafai alte laleisee  ebeiel bons) thal el ele eket ates eine teyeh colada ie See 
Sink to be provided with a plug and chain. 


Water Closets 


Hurnish and : Placer cteieie ccc cl -arae ciatersters pie terenemasteteleteees 5 
water. closets Closeta tonometer tscs o- erickesieiene~ cieeiete ieee tee 


SC 0e © 610.0. 0:0.0 010 60 OO HED DOO ee SCC COREE ACK MCKASOREC ESO CODES Ha = © 


TOUS myers ae TN Chee chee nweerete eo Pranches 2.0 ake : 


Seat Ventilation 


RUN TARS ster «cere INCDGA wee tioe cee 6 pipe from beneath seat 
of each water closet upward to and through the roof ........ 
LEGS eo 7. fats Staisie ets, 3 This pipe! toy havea... oni. vas ING i. os, ae 


ventilator on top of it. (This pipe may run near a chimney 
for heat if convenient.) One pipe must not ventilate more 
that one closet seat. 


Bathtub 
ONE San evceisiots floor, as per plan, furnish and seta ........ 
Sie a: 5.3 oe whens tolls ater oxameae ee bath tub. Supply bath tub with hot 
and cold water through ......... INCH « Gis) See oes pipe. 
Connect bath tub with soil pipe, through a ............ inch 
Sev sisteSisne vs os lead pipe. This pipe to have placed in it a 
ereyereeuetenerailendtc TMH arora asorele ores ers, Cutteh oe ree LT EL aC eae eee ae 
age Shaka, Sacelpersle ehetade eteue yore tie eee The bath tub is to be pe 
WALD aes gil lc Rieacts. wee Miche pele ents cock and nickel plated plug 


and chain. 
Wash Basins. 


Hurnish andsplaceaceperi plan, i an ceeece cme ete eee 
marble slab, with countersunk face and moulded edges, slab 
LO MAV Etec ee inch wall plate. The slab is to be provided 
WLU ease trast ele site oe eee ee marble basin. The 
basin to have N. P. plug and chain and stay. Connect the 
basin, which is to be properly clamped and stayed to the 
Slab; through aerate ped Cliete< sce eee pipe, to the main 
soil pipe. This pipe to have placed in it, under the basin, a 
Steel simusisne OAeC inch) Sed seep trap. | Thissbasineismonbe sup. 
plied with hot and cold water through ........ Bock mae s 4 
lead branches, and each branch to have a N. P. 
siete gs weetoleredcde tose ne cock over basin. Set basin on N. P 
halter rahe ate nate, oe brackets, 


es eee eeccew 
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Slop Hopper 
Furnishvand set) aes: ose sc0%'s 015,50. slop hopper, as shown 
on plans, connect same to sewer through a ......... inch 
soil pipe, and this pipe is to have ......... inch trap under- 


neath hopper, bell be cut off of hopper. 


Force Pump 


Murnish AWG’ SCl ar agec aye ai voles te! steele -s slscelecovsiele one double 
DC EIR Solty oliotopatelalal sxc lelatsl niews: Sone Wht Hiesvenccsuaiwialere ATCT ete ate ct tee = 
eylinder. Connect this pump to cistern through a ......... 
INCH Awwoee ees ae lead suction pipe. This pipe to pass up 
and over cistern walls and to be provided witha ...... inch 
ie aah ave ave, ais air cock. Connect pump to tank in attic through 
Dee he cee inch tse eer eer lead pipe. This pipe to have 
on it at convenient place a ........... cock for use in cellar. 


Traps and Trap Ventilation 

Each fixture herein specified and elsewhere provided for 
in regard to trap and trap ventilation is to have on its waste 
pipe, near fixtures, an independent trap. Every trap is to 
be easily accessible and ventilated by a ..........+.... pipe, 
having the same diameter as that of the trap. Each venti- 
lating pipe, independently, or by entering a common ventil- 
ating pipe, is to enter the soil pipe, at least a foot above the 
waste opening of the highest fixture, or is to pass through 
roof enlarged (if smaller) to a diameter of 4 inches and to 
end high enough above the roof to insure a good draft, and 
these vent pipes must be placed remote from a window, 
chimney or ventilating shaft, and each separate vent pipe 
must be provided With @ .....-.. cece seen cece rere eeececeee 
vent top. All vent connections over traps must be made of 
brass plain couplings (so that ventilating pipe can be re- 
moved and vent of trap closed when force pump is used to 
clear waste pipe.) If the vent pipe remains in place and is 
connected with other vent pipe, foul water may be forced 
up into common vent pipe whence it will flow into other 
fixtures. 

How Traps Must be Ventilated 

From a point close to the sewer side of each water closet, 
bathtub, basin, wash tray, butler sink, itech enmsinikyeriecicres ce 
eae arn eitave rons ctavartersietes trap, run a trap up and into either the 
main line of soil pipe, or into a main vent pipe. This pipe to 
enter main vent pipes at least one foot above the highest 
waste opening in building. Sizes of these vent pipes must be 
for all water closets, not less than 2 inches and for other 
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fixtures, not less than the opening in the waste to be ven- 
tilated. 
Waste Connections 


Must be made into soil pipe, with brass ferrules wiped on 
to end of waste and properly caulked with melted lead and 
oakum. 

Cistern Overflow 


A Grate isles opane eres inch pipe is to be carried from inside bot- 
tom of cistern, up and over the cistern wall and down to, 
with an open end over the Cellar drain .......6.....ccce.cee 

Cellar Drain 

Place under draw off cock, at cistern a ........ inch half 
S, iron trap, to be connected into Y branch of sewer. The 
opening of this trap to be ......... inches below top of 
grout, and provided with a ......... DY Seles = Pa don ek cellar 
heppersotecceiods wee iron. 


MTL) aracc at caeratete Ibs. to foot Sain. Ao aeaees Ibs. to foot. 
1 Sis DO ao 5 atte ¥ Y 134 uD eee 

ot: Se Ae ees oe s 114 AS Soe eee - - 
LIGEES SD nce oe fs - Ins Sy AL See eee e ad 
La ie SA ne ates es s 


OO OU: Cee: 0 fe o1te) (0) wi'o)re eeiMleNe ss © le ales oleim Nis) Bis © 0) 6b ole eel sie albte. © eels U) Bile G16 biel was 
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Gas Piping 

Use good wrought iron gas piping of sizes required. No 
pipes less than %-inch for fixture connections. The mains 
to be run as direct as possible, and so graded that any water 
gathering in pipe can be run out at a convenient point near 
The meter, «oR icca-anvnraseeenetecrare «ees pac tle eee eee 
Secure all pipes in place with iron holdfasts. The pipes ‘run 
to supply burners where indicated on plans Rb a Ae Soa tees 5 
check. Nipples for fixtures to stand at right angles to wall 
surface, and must project 1144 inches from same. The gas- 
pipes to be put in as required by the rules and regulations 
OL GENS int hove eres cursres erect eer Me: reer ee ee Gas Company. 
Put the joints together in red lead, all pipes to be capped, 
proven tight and caps left on. 


e758. Be 10:16) te lej/e ‘oe 61,6) ) Oa lenveiiel alle, oe te erate, 
OSS MPR SO L8 8, 8) SOL 8 Toe, ile Sale is Re anne (Veh elalie (eueterel Gia (sie: oie fe) hai ellele ie eielorerersicis tere 
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To be done as per Rules and Regulations of Gaslight Cor, and 
TO De GONG: Alo. saci does cents per foot. 


Peppermint Test 


When the fixtures are all on, the plumbing complete, and 
the water let into the pipes so the traps will be filled, then 
apply the peppermint test to the soil pipes in the house by 
means of putting into the soil-pipe on the roof an ounce of 
peppermint oil, followed by enough hot water to carry it 
through the soil-pipe to the cellar sewer. Should an odor be 
detected at any point of the plumbing throughout the house, 
the leakage is to be found and stopped, and the test applied 
Ch ay Bie A itis Gab ica to bicicon: obo BS ADO Siu SO OO DISS ermoy 


SPECIFICATIONS FOR A BRICK DWELLING 

If specifications for a brick dwelling are desired, a spe- 
cial printed form may be obtained similar to that just shown 
for a frame dwelling. While the two sets of specifications 
are alike in most points, a few changes in detail are 
shown in the following clauses: 

For a brick dwelling, the first part of tie section headed 
“Brickwork” under the general heading of “Masons’ Specifi- 
cations” should be changed to read as follows: 


Brickwork 

“Use throughout the building good, sound, hard, well- 
burned brick. Refer to the plans and sections for thickness of 
walls. All brick used throughout the building to be laid up 
with mortar Composed Of ......-.ececscccrecrsecrcscececes 
mortar. All brick walls to be carried up straight, plumb and 
true at the same time, and all to be carried up to the exact 
height and leveled properly for the joists. If the brick are 
laid in warm, dry weather they must be kept thoroughly 
wet, but should they be laid in damp, freezing weather the 
brick must be kept perfectly dry. All joints must be flushed 
up solid and leave no empty spaces in the walls. Vertical 
channels for the reception of pipes for plumbing, heating or 
ventilating to be built in walls where necessary or where 
indicated on the plans. Turn relieving arches over all doors 
and windows, trimmer arches for hearths, and all other nec- 
essary places. Also build ledges for the support of floor tim- 
bers, if any are required. All door and window frames to 
be solidly bedded. All bricks to be well and thoroughly 
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bedded and tied in every sixth course and worked in reg: 
ular bond. Point up close to all sills, copings and pro- 
jections. Lay in Portland cement all projecting belting 
courses. After the walls are up, underpin all sills with suit- 
able mortar. The contractor or contractors must provide all 
materials of every description for the proper execution of 
the brick work. The walls are to be kept covered in rainy 
weather and properly protected at all necessary times. The 
bricklayer must attend other craftsmen when necessary to 
properly back up and -fill in behind their work. Beam fill 
in between all joists flush with inside face of brick wall. All 
of the exterior surface of front must be laid with the best 
Sate Re aos hal stata Scr Soletotet cieloters , carefully bonded to backing. 
All street front brick must be laid from an outside scaffold- 
ing and neatly washed down with diluted acid on the com- 
pletion of the brick work. All street front brick to be laid in 
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The following sections on brick arches, front brick, and 
terra-cotta should also be added: 

“Brick Arches. All brick arches, whether flat, segmental, 
or semicircular, to be laid in proper proportions of ......... 
mortar and Portland cement. All arches called flat arches 
must have the bricks neatly cut and trimmed and to have a 
splay at side of arches not less than six inches and as de- 
termined by radius. 

“Front Brick. The quality of front brick as cited above 
to be laid with 

“Terra-Cotta. Furnish and set where required by the plans 
all terra-cotta ornaments and panels. To be of well burned 
and -moulded was; sic wake ree eae oc a ene terra cotta, in 
accordance with the full size drawings for same 

Under “Carpenter’s Specifications,’ add the following sec- 
tion: 
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Wood Lintels 

“The carpenter must provide and set all wood lintels of 
every description for all windows, doorways, and other nec- 
essary places. Lintels should not be less than 10 inches in 
depth and top cut to a segment arch. All lintels to have a 
bearing on walls of at least 4 inches. 

The sections headed “Frame” and “Sheathing” may be 
omitted in the case of a brick dwelling. 


Preliminaries to Estimating 


COST OF PLANS AND SPECIFICATIONS. 


The “schedule of proper minimum charges and professional 
practice of architects” recommended by the Chicago Archi- 
tects’ Business Association is quite clear in its statement re- 
garding cost of plans and specifications. 

The architect’s professional services consist of the neces: 
sary conferences; the preparation of preliminary studies, 
working drawings, specifications, large-scale and full-size 
detail drawings; and the general direction and supervision of 
the work—for which, except in special cases, the minimum 
charge is 6 per cent, based upon the total cost of the work 
complete. 

Exceptions to this rate are as follows: Dwellings cost- 
ing less than $10,000, 10 per cent; lofts not requiring spe- 
cial planning for machinery or arrangement, 5 per cent; 
additions and alterations to dwellings, 12 per cent; addi- 
tions and alterations to business buildings, 10 per cent. 

In case of discontinuance or abandonment of the work, 
the architect’s charge shall be based upon an estimated total 
cost, which cost may be determined by the architect, by 
experts, or by the lowest bids of responsible contractors. 
“Total cost” is to be interpreted as the cost of all materials 
and labor necessary to complete the work, plus contractor’s 
profits and expenses, as such cost would be if all materials 
were new and all labor fully paid, at market prices current 
when the work was ordered. 

On furniture, monuments, decorative and cabinet work, 
and landscape architecture, it is proper to make a higher 
charge than above indicated. 

The architect is entitled to compensation for articles pur- 
chased under his direction, even though not designed by 
him. 

If an operation is conducted under separate contracts, 
rather than under a general contract, it is proper to charge 
a special fee in addition to the charges mentioned above. 

Where heating, ventilating, mechanical, structural, elec- 
trical, and sanitary problems are of such a nature as to 
require the services of a specialist, the owner is to pay for 
such services in addition to the architect’s regular commis- 
sion. Chemical and mechanical tests and surveys, when 
required, are to be paid for by the owner. 
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Necessary traveling expenses are to be paid by the 
owner. 

If, after a definite scheme has been approved, changes 
in drawings, specifications, or other documents are required 
by the owner, or if the architect be put to extra labor or 
expense by the delinquency or insolvency of a contractor, 
the architect shall be paid for such additional services and 
expense. 

The architect’s entire fee is itemized, and proportionate 
payments on account are due the architect, as the following 
items are completed: 

Preliminary studies, one-fifth; general drawings, one-fifth; 
specifications, one-tenth; scale and full-size details, one-fifth; 
general supervision of the work, three-tenths. 

Drawings and specifications, as instruments of service, 
are the property of the architect. 


PREPARATION FOR ESTIMATING 


The contractor or builder should be supplied with a com- 
plete set of plans, details, and specifications for the work in 
hand, and be allowed to have these plans and specifications 
in his possession long enough to take account of all details 
of the construction which he will be required to furnish. It 
is often the case that a builder is compelled to take his 
measurements from plans in an architect’s office, with several 
other contractors of different trades examining the plans at 
the same time. This is a dangerous way to take quantities, 
since many details may be omitted in the general confusion. 

The plans and specifications should be examined care- 
fully, and all building materials needed from cellar to roof 
or from foundation to finished structure taken off and en- 
tered in carefully prepared lists. After that, the labor on 
different parts of the work should be divided into the individ- 
ual operations needed in building the finished structure, and 
the cost of labor estimated at the current day wages for the 
workmen of that locality. Experience with a given class of 
workmen will serve as the best guide as to the amount of 
work performed per day by these men. 

In making up lists of materials, allow for waste and for 
extras if any are needed. Look out for odd sizes of materials 
or fixtures, since odd or unusual forms of construction cost 
more than ordinary types. 

Allow for accidents, and for work which may have to be 
replaced through carelessness of workmen or faulty mate- 
rials. Also, allow for depreciation on tools and equipment 
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used on a job, since these may be injured during the work, 
and repairs must be paid for. 

Insurance on both property and men will add to the cost 
of the work, but is generally a cheap investment. 

The profit to be cleared is to be added to the cost of all 
output, and should be sufficient to warrant the responsibility 
involved and the amount of capital used by the contractor. 
If only good day wages can be cleared, the contractor has 
gained no great advantage over his workmen. 

Before the contractor files his bid, there are other things 
which should be noted, which may add to the general cost of 
the structure itself due to its location or the kind of ground 
on which it is to be built. These details do not appear on 
the plans, and can be determined only by a personal inspec- 
tion of the site of the work. 

Examination of Site. An examination of the location of 
the structure may show that additional expense will be in- 
curred owing to one or more of the following points: The 
work may be located at a distance from the centers of supply, 
thus causing heavy freight or haulage charges which will 
add to the ordinary cost of the material used; there may 
be no opportunity for storing or piling materials, and these 
provisions may need attention; the distance from the stor- 
age to the work will affect the cost of handling the materials 
used; the condition of the approaches to the site will affect 
the ease with which materials may be brought to the work 
and taken away from it. 

The general condition of the ground will determine the 
amount of excavation needed and the amount of filling to 
be done either before or after conclusion of the work. The 
nature of the soil to be handled, the underground condi- 
tions, amount of blasting necessary, amount of sheet-piling 
needed, the depth to firm soil or bed rock, together with 
any needed temporary protection of foundations and walls 
—all are of great importance in making up the final esti- 
mate on a piece of work. 
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General Costs 


CLASSIFICATION OF COST FACTORS 


Cost factors may be classified as general, special, and 
accessory. 

General Costs. Costs of this class are common to con- 
struction in general, and embody such items as preparation 
of site for excavating; earth excavation; rock excavation; 
foundations and footings; together with overhead expense. 

Special Costs. These costs include those involved in 
special constructions and for work which is not common to 
all classes of structures. This list of headings might be 
summed up as follows: Carpentry work; mill work; brick- 
work; stonework; cement and concrete work; reinforced con- 
crete construction; concrete block construction; steel con- 
struction; mill building or slow-burning construction; fire- 
proof construction; roof construction; waterproofing and 
damp-proofing; sidewalk, curb, and gutter construction; roads 
and pavements; bridges and culverts; sewers and conduits; 
etc. 

Accessory Costs. These costs are made up of factors 
which are incidental or accessory to various types of con- 
struction. The following items might be considered under 
this heading: Sheet-metal work; plumbing; gas-fitting; elec- 
tric wiring for heat, light, etc.; plastering; painting and 
decorating; paperhanging; glass and glazing; builders’ hard- 
ware: elevators; ornamental iron work; vacuum cleaning 
installation; sound-deadening of partitions and floors; heat- 
ing plant; cold storage plant; ventilating system; together 
with other items of a like nature. 


PREPARATION OF SITE 


The contractor will have to judge as to the cost of prepar- 
ing the ground for excavating, since each problem will be 
an individual one. Some of the points that will have to be 
considered in this connection will be as follows: Leveling 
the ground; surveying; draining; removing any obstacles 
such as stumps or rocks; wrecking old buildings; plowing 
and scraping; construction of runways and driveways for 
carting materials; bracing, shoring, or under-pinning adjacent 


buildings; protection to adjoining property; staking out the 
work;-«etc. 
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He should also determine upon the number of teams 
needed to cart materials to and from the site, and the size and 
amount of plant equipment necessary for that particular job. 

Ownership of materials on the site and their disposal 
should be clearly settled. Also the cost of water-supply dur- 
ing construction should be determined. 

Demolition of Buildings. Since the exact procedure to 
be followed in removing an old building from its site pre- 
paratory to the construction of new work is not common 
knowledge, the following hints taken from an article by Mr. 
Owen B. Maginnis in the “National Builder’ of December, 
1909, may be of service: 

As the building was commenced at the bottom, so it must 
be torn down by commencing at the roof; but it is usual 
first to remove all projecting ironwork, such as fire-escapes, 
cornices, leaders, balconies, or any detail which would cause 
all or any walls to overturn when torn down to beam level. 
Then chutes are constructed of wood, outside the walls, for 
the purpose of expeditiously and cleanly transferring all old 
plastering and debris to the waiting carts and wagons on the 
street below. Next, the tin or roof covering is carefully cut 
in sections, rolled, tied, and lowered with block and tackle 
to the street; next, the cornices and sashes and window 
frames are removed. 

Most “demolishers” combine this occupation with the 
business of selling second-hand building materials, so that 
each and every detail is removed as far as possible intact 
and uninjured, so as to have a marketable value to be used 
again. 

Brick chimneys are taken down before the roof boards 
are taken off; also all parapet walls, copings, and fiashings, 
and the walls, too, to the level of the bottom edge of the roof 
beams. This being done, the stairs are taken out, if valu- 
able, and replaced by rough ladders. Then the roof boards 
are leveled off with crowbars, bundled, and lowered; then 
the bridging knocked out; and finally the roof beams them- 
selves, thus giving a safe opportunity to cut down the top 
story brick wails, which must not be thrown or barred down 
in heavy sections, but knocked apart with light hammers, 
course by course of. bricks, as constructed. 

It is usual first to take out all fixtures, such as trim- 
mings, basins, plumbing, etc., before demolishing the brick 
and timber shell, so as to prevent injury; but this depends on 
their condition and value. 

The walls must be closely watched; and if any show 
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evidence of cracks, bulges, or unsafe conditions, they must 
be either shored or tied back with cables to guard against 
fall. 

No materials should ever be thrown into the street, and 
a platform or roof should be erected over the sidewalk to 
guard pedestrians from injury by possible falling materials. 

To keep down dust and make the debris shovable, a 
hose should be kept spraying the debris as it is piled; and 
not too much weight should be piied in one place, lest a floor 
be strained or overloaded. Collapses have occurred through 
neglect of this precaution. 

Heavy girders, steel beams, and columns must be lowered 
with a derrick, windlass, and tackles, to save their condi- 
tion and maintain safety. It is a serious error to drop a 
heavy weight on the floor of an old building, as the impact 
is liable to cause disaster. 

It is better to pile stuff close to the walls of a building 
and not in the middle of the beams. Partitions, especially 
those running fore and aft, should be let remain in position 
until the beams above are ready for removal, to prevent the 
latter sagging. 

All workmen should be careful not to drop tools or mate- 
rials on those at work underneath. 

When demolishing old wrought-iron or cast-iron struec- 
tures, all details should be suspended from the derrick before 
cutting out rivets or removing bolts; besides, they can be 
at once lowered, thus avoiding delay. ; 


EARTH EXCAVATION 


Slope of Earthwork. It is often of value to know just 
where supports are necessary in excavation, in order that 
the earth forming the sidewalls of the excavation may not 
fall in and increase the cost of the work. 

The following are values commonly given for the natural 
slope of different kinds of earth, the term “natural slope” 
meaning the angle which the earth or material may be ex- 
pected to make with a horizontal line before particles of 
the earth or excavated material will begin to slide into the 
trench. 
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In case it is desired to know the height of perpendicular 
wall of earthwork (as in ditches) which will support itself 
for a short time without bracing, the following may be used 
as a guide: 
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In leaving earthwork in form of an embankment, it is 
not advisable to try to approach its natural slope when grad- 
ing, but leave the lower part with a more gentle slope than 
the upper part. In clay, a slope of 1 to 1% at the top of an 
embankment is often flattened to a 1 to 3 slope at the bottom, 
especially if the embankment is of considerable height. This 
same principle of changing slope applies to other materials 
as well. 

The meaning of the term “slope of 1 to 3” as used, is 
that there is an increase of one foot of height in the sloping 
side of the embankment for each three feet of horizontal dis- 
tance, or distance along the level ground, as shown in Fig. 2. 


Fig. 2. Method of Stating Slopes. 


The following will give a basis upon which to compare 
natural slopes of excavated materials in degrees with the 
commonly expressed “1 to 1,” “1 to 8,” etc., used in practice: 


Slope of 1 to % equals angle of 63% degrees with horizontal. 
Slope of 1 to % equals angle of 53 degrees with horizontal. 
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Slope of 1 to1 equals angle of 45 degrees with horizontal. 
Slope of 1 to 1% equals angle of 3834 degrees with horizontal. 
Slope of 1 to 11% equals angle of 332 degrees with horizontal. 
Slope of 1 to 1% equals angle of 29%, degrees with horizontal. 
Slope of 1 to 2 equals angle of 26%, degrees with horizontal. 
Slope of 1 to 3 equals angle of 1814 degrees with horizontal. 
Slope of 1 to4 equals angle of 141/5 degrees with horizontal. 


Volume to Be Excavated. If the soil is of a light or 
unstable nature, and the specifications require that all foun- 
dations shall be carried down to what is called “hard-pan,” 
or a solid layer of earth, without regard to depths given on 
the plans furnished by the designer, care should be taken in 
determining the depth at which this hard-pan lies. Test pits 
may be dug at different parts of the building site, or borings 
made, and the soil carefully examined as it is drawn out. 


A large auger fitted to a long iron or steel shank will 
serve as a boring tool. In wet ground, a section of pipe 
should be driven first and the auger used in the pipe. 

If the soil is firm and no further excavation is needed 
than that necessary to obtain the required depth of cellar or 
basement below grade, the number of cubic yards of earth 
to be removed may be found in the following manner: 

Allow at least six inches additional excavation on all 
sides of the outside wall line. This permits inspection of the 
outside of the wall as the work progresses, and allows room 
for any exterior work necessary on the wall. 

Then, allowing this 6-inch space all around, multiply the 
length of the excavation in feet by the breadth in feet, and 
this product by the distance in feet from grade to bottom 
of cellar or basement floor. To this number, add the volume 
of the trenches dug below the bottom of the cellar floor, 
which are to receive the footings, and divide the result by 27, 
the number of cubic feet in a cubic yard. The result will be 
the number of cubic yards of material to be removed, the 
cost of such removal varying per cubic yard with the amount 
to be removed, the distance to which it is taken, the quality 
of the soil, manner of handling, number of difficulties encoun- 
tered, such as springs, ledges, etc., proper drainage in marshy 
land, bracing walls of neighboring buildings, season of year, 
and other local details which may differ in each particular 
case. 

If the trenches needed for the footings are of any con- 
siderable depth, they should be figured separately, since the 
excavated material cannot be thrown easily from a trench 
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over 6 feet in depth, but must be deposited on an inter: 
mediate platform and shoveled again from there and thrown 
out. As will readily be seen, this process involves extra 
cost. 

Again, if there is any considerable amount of trench work 
to be done in connection with laying drains or pipes, this 
work will cost more per cubic yard than work on large 
areas. This is on account of the confined condition of the 
work in trenches as compared with the free working space 
of a larger area. 

If ledges are encountered and blasting is necessary, the 
cost of excavating will be materially increased. Removal of 
water dither from springs or marshy land will also require 
an extra amount to be added to the cost of handling the 
excavated material. 

Bracing of foundations of neighboring buildings, or the 
use of sheet piling to prevent the caving of earth walls 
after the excavation is under way, will also add to the gen- 
eral expense. 

Frozen earth is harder to work than the same material 
at more favorable seasons of the year, and prices per cubic 
yard which show a profit in the summer might cause a 
decided loss in freezing temperatures. 

Each one of the above-mentioned points should be noted, 
together with any other local conditions, such as removal of 
rubbish, trees, etc., and careful consideration given same in 
making up the list of operations, the cost of which is to make 
up the estimated cost of the excavation. 

The number of cubic yards of back-filling, or earth which 
is to be filled in around walls or cavities, should be care- 
fully figured by determining the volume of the space to be 
filled, in a manner similar to that stated for finding the 
volume to be excavated. 

If the surface of the building site is not level, or con- 
tains irregularities of any considerable size, the method illus- 
trated in Fig. 3 may be employed for finding the volume 
to be excavated above the level of the bottom of the cellar 
floor. 

Lay out the wall lines, and allow the 6 inches all around 
each side. Then divide the length and breadth into a num- 
ber of equal parts each, as shown in Fig. 3, the number of 
these divisions depending on the irregularity of the ground. 
The volume of the material to be excavated may then be 
found by summing up the volumes of each of these small 
parts shown in Fig. 3, remembering that the volume of each 


TABLE III 
Number of Cubic Yards of Excavation per Foot of Depth in Spaces of Various Size 
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For widths of 19 to 30 ft., see remainder of table on page 125, 
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Length WIDTH IN FEET 


Feet 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 
5 3.5| 3.7| 3.9] 4.1] 4.3) 4.4) 4.6] 4.8) 5.0] 5.2] 5.4] 5.5 
6 4.2] 4.4] 4.7| 4.9} 5.1] 5.3) 5.5} 5.8] 6.0| 6.2] 6.4] 6.7 
7 4.9] 5.2) 5.4| 5.7] 6.0] 6.2) 6.5] 6.7| 7.0] 7.2] 7.5] 7.8 
8 5.6) 5.9} 6.2} 6.5] 6.8) 7.1) 7.4) 7.7) 8.0] 8.3] 8.6] 8.9 
9 6.3] 6.7) 7.0) 7.3) 7.7| 8.0) 8.3] 8.7] 9.0} 9.3] 9.7/10.0 
10 7.0) 7.4) 7.8) 8.1) 8.5] 8.9] 9.2] 9.6)10.0]10.4)10.7)11.1 
il 7.7| 8.1] 8.5| 9.0] 9.4] 9.8/10.2)10.6)11.0]11.4)11.8}12.2 
12 8.4} 8.9] 9.3] 9.7)10.2}10.6/11.0]11.5]12.0]12.4/12.8/13.3 
13 9.1} 9.6)10.1}10.6}11.0)11.6 12.0|12.5 13.0)13.5)|14.0)14.4 
14 9.8|10.4)10.9}11.4]11.9}12.4]13.0|13.4)14.0]14.5]15.0/15.5 
15 10.6 |11.2)11.7|12.2|12.8/13.3]13.9|14.4|15.0/15.6/16.1116.6 
16 11.2)11.8)12.4}13.0|13.6]14.2)14.8)15.4]16.0]16.6]17.2]17.8 
17 11.9]12.6)13.2}13.8|14.4]15.1/15.7|16.4]17.0]17.6]18.2]18.9 
18 12.6|13.3)14.0)14.6/15.3)|16.0/16.6|17.3/18.0/18.6)19.3|20.0 
19 13.4)14.0)14.8)15.5)16.2)16.9)17.8/18.3]19.0/19.7}20.4|21.1 
20 14.0]14.8)15.5}16.3]17.0)17.7)18.5]19.2/20.0|20.7|21.4|22.2 
21 14.8)15.5)16.3)17.1)17.8)]18.6)19.4|20.2/21.0/21.7|22.5/23.3 
22 15.5]16.3)17.1)17.9/18.7|19.5/20.4/21.2|22.0|22.8)/23.6|24.4 
23 16.2}17.0)17.8)18.7|19.5)20.4/21.3|/22.1|23.0|23.8|24.6|25.5 
24 16.9]17.8|18.6|19.5/20.4|21.3)22.2/23.1|24.0|24.9|25.7|26.6 
25 17.6]18.5/19,4/20.4)21.3/22.2)23.1/24.0/25.0|25.9|26.8|27.7 
26 18.2)19.2)20.2/21.1)22.1/23.0/24.0|25.0|25.9|26.9|27.8/28.8 
27 19.0}20.0|21.0/22.0)23.0/24.0/25.0/26.0|27 .0|28.0|29.0}30.0 
28 19.7|20.7|21.7|22.7|23.7 |24.8)25.9/26.9|28.0)29.0/30.0/31.0 
29 20.4.121.4|22.5|23.6|24.6|25.7/26.8|27 .9)29.0/30.0/31.1}32.1 
30 21.1|22.2}23.3|24.4|25.5|26.6/27.7(28.8|30.0/31.1 \32.2|33.3 


small part is equal to the area of the top in square feet, 
found by multiplying together the lengths of the division 
lines in feet on two sides which meet at a corner, and then 
multiplying this area by what is considered to be the average 
height in feet of this small part above the excavated level. 


Fig. 3. Illustrating How to Estimate Volume of Excavation 
on an Irregular Site. 


Table III may be used to advantage in calculating the 
amount of excavation in a given case per foot of depth. The 
value given in the table for a given length and width is to 
be multiplied by the depth in feet, in order to obtain the 
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number of cubic yards in a given job. For instance, a cellar 
25 feet by 30 feet top area, and 7 feet deep, would contain 
from the table 27.7x7, or 193.9 cubic yards of excavation. 

Soil Test Borings with Augers. The borings detailed be- 
low were made in the City of Toronto in order to find the 
nature of the soil to a depth of from 30 to 70 feet. The 
ground passed through consisted mainly of blue clay, al- 
though seven borings were made in wet, sandy clay, and four 
were made in filled ground. The average depth of holes is 
shown in each case. 

The borings were made with a 114-inch carpenter’s ma- 
chine auger, welded to the end of a %-inch pipe. The %4-inch 
pipe was cut in sections 6 feet long, and each length was 
added as it became necessary. 

The auger was turned by two or three men at the sur- 
face, using wrenches. The heavier clay required three men 
to turn the auger. After the auger had bored from 8 to 12 
inches, it had to be removed from the hole and cleaned, and 
then replaced in the hole and continued for another auger 
length. 

The force consisted of one recorder and three laborers, 
each at $2.00 per day. The work was done at all seasons of 
the year, and no time was lost by any of the men. 

The cost of blacksmith work and teaming amounted to 
about 5 per cent of the total cost; and the cost of material, 
such as augers, wrenches, and iron pipe, amounted to about 
ten per cent. 

The following statements, taken from an article by A. C. 
D. Blanchard in the “Canadian Engineer” of July 30, 1909, 
show the general costs: , 


TEST BORINGS 
Heavy Blue Clay with 10 Inches of Red Clay on Top 


Number: 'ofe Hales geiiatec. cs losstscte nics hic cee eels meee 28 
Totaly depth, e [Ritch ic cii eee titer oS oe ee eee TUS 
Avérage*® depth vofs R016, afte m.nitc cs ents cece eer ae Does 

Cost Total Per Ft. 
Labor 2.5.5 aretafere ciietoreie Cane eco eee $199 $0.281 
Materials and blacksmith.......:....... weit 4 0.048 

LOLI: | s.s.c.nqisiegeteee + Chis se eeotreatanonns Crcientem eee $233 $0.329 

Made Ground 

Number of holes......... aie .e Gie¥s ib coe ie /o, susiieneresclewers eet tie oe 4 
Totaledepthy, (fucose ce canic etree Ss aoe eseieietets Mtoe Rinsteonies OU 


Average Gdepthor hole, "ite seca ee eee  wheewe eR 
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Cost Total Per Ft 
MA DOL UM at Tee siete chen atic os cman s Geode akira chiro eee $ 44 $0.488 
Materiaicnian dm blacksmiths, s selec <inilevs orne oe 5 0.066 
PROC Eilidee tno cuerovatrevsbareieiere, Pate as oie e's, otemiton ae $ 49 $0.554 
Fine, Running, Clayey Sand 
EN IM DST Of etl Ol OS sete il cheese cst Can ee ees 36 
LOA e DCD eter gushes cae ts traccuiee aie ote eee tne nie 1,163 
PAV Gla? OLGeDtn OLE holes Tbs ask ae s,s oe eicta ein ora 32.3 
Cost Total Per Ft. 
ASAD OWE et eee aE els thee been $293 $0.252 
Materials and blacksmith. .2:...2...0..0eebe 43 0.037 
Total, Oait..e.% Gah Geb roche ier $336 $0.289 
Heavy Clay 
INUIMDETMOLCNOLCS o,f tee A eh Ge eee os cere Une te 7 
Mota ed epi w Le Pattee ceceit Pacts lore cnc ee tia cee cee 152 
A VOTAPO,CDtINOL OIG At... sins terasicie sot na ott ie ne 21.7 
Cost Total Per Ft. 
WSADOL Mace Settee chee ee ek mets obi eee en een $ 48 $0.315 
Materialm@ands blacksmith)... sree. ob eae ches 9 0.059 
OAL Peer cleitee sate tes occ anise Gas $ 57 $0.374 
Heavy Blue Clay 
INU BSE Ot NOLS mec ttre se sc clavate sisters ocelete Cater ce ieee 5 
POCA RCeD CIAL Crete Mere ee cd © o'5.G a woes thine eate one 160 
AVerarOrde pur OLsHOlO nls. acice seis colse ove emieenccdere ne 32 
Cost Total Per Ft. 
HE UO MMe syehacr aye roistote tts sist ol starcletite Mahe sia. < chee oles $ 40 $0.250 
Naterialseand: DIACKBINIthe ass cle.cisiele ees ore cial 6 0.038 
Totals, se vovateierers Mele Motels & «0-7 a tetdelersselere a8 $ 46 $0. 288 


COST OF EXCAVATING 


The unit of cost in excavation work is the cubic yard, or 
27 cubic feet. The total cost of excavating and removing 
materials is made up of the following parts: 


1. Loosening the material for the shovelers. 

2. Loading material into carts or barrows. 

38. Hauling or wheeling material away, including empty- 
ing and dumping. 

4. Depositing and leveling in a workmanlike manner. 

5. Necessary repairs to equipment, roads, etc., together 
with cost of general superintendence and depreciation of 
plant. 
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The price quoted is stated at so much per cubic yard of 
material in its original position. In connection with this 
rating, it should be noted that earth swells upon removal 
from its original position, and loosened materials occupy 
greater spaces according to the following relation: 


Earth and clay, 25 per cent increase. 
Sand and gravel, 50 per cent increase. 
Broken stones and rock, 50 per cent increase. 


When this same material, with the exception of rock, is 
dumped in another place or even filled into the same place, 
it will in time shrink from 10 to 15 per cent, depending 
upon whether the material is gravel or light, loose soil. 
In other words, if we have 100 cubie yards of back-filling to 
be done, if this material has to be excavated from a new 
piece of ground, it will require about 115 cubic yards of light 
soil measured in place to fill the 100 cubic yards of space 
so that it would be level after the soil has had plenty of 
time to settle into place. 

Loosening for Removal. For loosening the material to be 
excavated, it is generally figured that 2 men with a plow 
and pair of horses will loosen from 25 to 30 cubic yards of 
heavy soil per hour; or, with ordinary loam, the same out- 
fit will loosen from 40 to 60 cubic yards per hour. The cost 
per cubic yard will be found by dividing the sum of the labor 
costs of men and horses, the hire of the plow, together with 
all charges for repairs and extras, by the number of cubic 
yards of material loosened. 

For instance, assume that the labor cost of the outfit is 
divided as foilows: 


2 men at $2.00 per 10-hour day........ $4.00 
2 horses at $1.50 per 10-hour day....... 3.00 
Plough at $0.50 per 10-hour Gan cee .50 

LOLA): iy ote ene ee ae oe $7.50 


Then, if in this 10-hour day, 250 cubic yards of heavy 
soil has been loosened, the cost per cubic yard has been: 
750 
—— = 3 cents per cubic yard. 
250 
If the loosening is done by men with picks, the following 
rates of work may be used as fair averages: 


One man with a pick will loosen, per hour, about: 


1% cubie yards of cemented gravel; or 
1% cubic yards of clay; or 
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2% cubic yards of heavy soil; or 
4 cubic yards of common loam; or 
6 cubic yards of sandy loam. 


The cost per cubic yard may be reached in any one of 
the above by dividing the rate of wages per hour by the 
number of yards of material loosened. 

As extremes in the loosening of materials with a plow, 
we may consider the case of cemented gravel or stiff clay. 
These materials require three or four horses per plow, there- 
by increasing the cost. As an opposite to this case, sand 
requires but little loosening, and can in many instances be 
removed directly with a scraper. If dirt is to be simply 
removed to one side of the excavation, a scraper may be used 
to advantage with any light or loosely packed earth. 

A good workman will dig and throw into a barrow the 
following quantities of material in a day of ten hours: 

Commonmearth o.-e cee 8 to 10 cubic yards 
Stiff clay or firm gravel..5 to 6 cubic yards- 
Hard ground (picking nec- 

CSSAIN Me Seales arrests 3 to 5 cubic yards 


In excavating, a vertical throw is limited to 6 feet, 
and when a trench exceeds that depth, stages must be pro- 
vided. 

As an example of the cost of excavation in trenches 
where the depth exceeds 6 feet, the following will serve to 
show how such cost may be determined: 

Assume a basis of 1 cubic yard of earth handled by one 
man in one hour, and a wage rate of 20 cents per hour. If 
the dirt requires but one handling, this cost per yard may 
be multiplied by the number of cubic yards, and we will have 
the cost of the work. Now the question will arise: How often 
will this dirt require to be handled? 

The first six feet of the trench may be dug with one 
handling, provided the top is thrown a considerable distance 
from the trench, leaving room close to the trench for the 
dirt which is lower down. After the trench is six feet deep, 
it will require another man to keep the dirt away on top; 
in this way the trench may be dug two feet deeper; and 
then, by placing a platform in the trench two or three feet 
below the top, the man in the trench can throw the dirt on 
the platform, and the top man can throw the dirt from the 
platform out of the trench. Thus, with two men, the trench 
can be dug about 5 feet deeper; then, by adding a third 
man, 5 feet more, which will reach the bottom. Now, as- 
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: TABLE IV 


Cubic Yards of Earth per Foot of Length in Ditches with Side Slopes 
of 1 Foot in 10 - 


Bottom DEPTH, IN FEET 

Width 

in Feet 4 5 6 7 8 9-[10. | 12°) d45) 26 | 287) 20 
2 0.36|0.48|0.60/0.72|0.86|0.99)1.15|1.46/1.80|2.19/2.59/2.96 
2% 0.44|0.5710.71)0.85|1.01)1.16/1.33|1.68|2.06|1.48|2.92|3.33 
3 0.51/0.66 |0.82/0.98|1.16/1.33)1.51)1.90|2.32|}2.80|/3.25|/3.70 
3% 0.58/0.76|0.93}1.11|1.30/1.49]1.70|2.12|2.59|3.10|3.58|4.07 
4 0.66|0.84)1.04]1.24/1.45)1.66/1.88)2.34|)2.84/3.40/3.91|4.44 
4% 0.74|0.94)1.15|1.37}1.60/1.83/2.07|2.57/3.10/3.70|4.24/4.81 
5 0.81|1.04|1.26|1.50)1.75|2.00)2.25|2.76|3.36|4.00/4.57/5.18 


suming that the trench will have to be two feet wide at the 
top and perhaps for the first 11 feet, and about 18 inches for 
the last 5 feet, all the data necessary to calculate the cost 
of digging the trench in the first six feet are at hand: 1,200 
cubic feet, or 4444 cubic yards nearly, at 20 cents per yard, 
would be $8.90. The next five feet will contain 1,000 cubic 
feet, or 37 yards. This, at 40 cents a cubic yard, as it takes 
two men to do the same work that one man did on top, would 
figure up to $14.80; and the last 5 feet would contain 750 
cubic feet, or 28 yards nearly, at 60 cents, which would be 
$16.80, making a total of $40.50. To this add the use of plat- 
form and placing of same, which would be safe to put at 
$3.00. This, added to the $40.50, would be $438.50, which 
would be the total cost of excavation. 

If the nature of the soil should require sheet-piling, this 
should be taken-into account; also the extra width of trench 
due to the piling. 

The problem of excavating the cellar should be taken up 


TABLE V 
Cubic Yards of Excavation per Foot of Length in Trenches 


Width DEPTH, IN FEET 
in Feet 
4 6 8 10 | 12°] 14] 16 | 18 | 20 | 22 | 24 | 26 
2 0.30/0.44/0.59}0.74)0.89}1.04/1.18]1.33|1.48]1.6311.7811.93 
2% 0.37)0.53]0.74/0.93)1.11)1.30]1.48/1.6711.85|2.04|2.22|2.41 
3 0.44}0.66|0.89}1.11]1.33}1.56]1.78|2.00|2.22|2.4412.6612.89 
3% 0.52)0.78/1.04]1.30}1.56]1.82)/2.07|2.33|2.59|2.85|3.11|3.37 
4 0.59/0.89]1.18]1.48|1.78|2.07)2.37|2.67|2.96|3.2613.5513.85 
4% 0.66 }1.00/1.33 {1.67 |2.00|/2.33/2.67|3.00|3.33|3.6714.00|4.33 
5 0.74/1.11)1.48/1.85/2.2212.59]2 .9613.3313.7014.07|4.44/4.81 
5% 0.82/1.22)1.63]2.03|2.44|2.85/3.26|3.67|4.07|4.48|4.8915.30 
6 0.89)1.33)1.78|2.22|2.66|3.1113.55|4.00|4.44|4.89(5.33|5.78 
6% 0,96}1.44/1.93|2.40|2.89|3.37|3.85/4.33/4.8115.30/5.7816.26 
tf 1.04]1.55|2.07|2.59|3.11|3.63]4.15|4.67|5.19|5.70/6.2216.74 
7% 1.10|1.66]2.22|2.77|3.33/3.89]4.4415.00/5.55|6.1116.67/7.22. 
8 1.18|1.78|2.37|2.96|3.55|4.15]4.74|5.33(5.9216.5217.1217.70 
Ee OE ROE CE IO 99 10-9 00210 1217.70 
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in the same way. It will be necessary to have two units of 
value, one for a man and team, and one for a man alone, 
which has been already established. A team will walk about 
four miles‘ an hour, and, with a suitable dump wagon, can 
haul four yards of dirt one-half mile in one hour. If a wage 
of 40 cents per hour is paid, there would be a cost of 10 cents 
a yard for hauling; and this, added to 20 cents for loading 
the wagons, would make a total cost per yard of 30 cents. 
This, multiplied by the number of yards in the cellar, would 
be the probable cost. of excavation. 

Work in trenches costs from 20 to 30 per cent more than 
digging over areas where the labor is not so closely con- 
fined. 

Excavating with Drag-Scoop Scraper. Drag scrapers are 
made in three sizes having a capacity of 3, 5, and 7 cubic 
feet, respectively; but a scraper will not carry its rated 
capacity since it is not completely filled. Unless the soil is 
very loose and easily loaded, it is not safe to assume that 
each trip of the scraper will take much more than one-half 
of its rated capacity of solid earth. 

For a 25-foot haul of earth, it will take about 1144 min- 
utes to make one round-trip of the scraper. Where the large- 
size scraper is used, about 60 cu. yds. of earth can be re- 
moved per scraper in a 10-hour day. One man will hold and 
fill the scraper for two teams. One man on the dump will 
distribute and level the earth deposited by six teams. One 
foreman will be needed to look after the work. If the wages 
of workmen are $1.50 per day of 10 hours, and for foreman 
$2.50 per day, the costs for scraper work are given by Baker 
{in “Roads and Pavements,” as shown in Table VI. 


TABLE VI 
Cost of Moving Earth with Drag Scoop-Scraper 
Cents per Cubic Yard 


25-ft. Haul 50-ft. Haul 100-ft. Haul | 200-ft. Haul 


Items 

Hard 

Grnd. 
Loosening........- 2.50 
Filling scrapers. ... 1.00 
PU Sis. lore ere: ote ait 11.00 
EC VOlinite. cent tereleiere 0.40 
Superintendence... 0.69 
Wear and tear..... 0.80 
Water boy........ 0.16 


Total cost é F 5 4 .67 115.25 5 16.55 
total cost. ..- .-| 4-90 jie te WEE Oe tn 
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The 50-ft. haul shown in Table VI is based on a 50 cu. yd. 
quantity per scraper per day, with one scraper holder filling 
for three teams. . 

In the 100-ft. haul, each team will make the trip in about 
2% minutes, and the cost is based on a 40 cu. yd, quantity 

per day. 
: The 200-ft. haul is based on a 3% minute time for trip, 
and a 35 cu. yd. quantity per day. 

The cost of loosening given in Table VI is based on a 
team and plow at $5.00 per day with driver, and a capacity* 
of 400 cu. yds. of loam per day. 


Loading Material. If the excavated material is to be 
removed to any distance from the site from which it is taken, 
the loading of material into carts will be another item to be 
figured. When the number of men who are shoveling mate- 
rial is so regulated to the number of men picking or loosen-: 
ing and to the number of carts in use, that they do not have 
to wait for material to shovel or for carts to shovel it into, 
it is claimed that experience shows that 1 man will shovel 


into a cart the following quantities of loose material per 
hour: 


2 cubic yards of loam or sand; or 


1% cubic yards of heavy soil or clay; or 
11/5 cubie yards of rock. 


Removing Material. For small amounts and short dis- 
tances of haul, either wheelbarrows, scrapers, or small dump- 
wagons may be used. For long hauls and large quantities, 
it may even pay to lay light rails and use a light car drawn 
by horses or by a light locomotive. 

It is commonly considered that shovels are sufficient for 
smal] quantities of excavation where the distance which the 
earth has to be thrown is less than 12 feet on the horizontal 
or 6 feet vertical. Likewise, for distances under 200 feet, 
earth may be removed economically by shoveling into wheels 
barrows and wheeling away. 

For distances over 200 feet, wagons or wheeled scrapers 
should be used, unless large quantities of material are to be 


moved through long distances. The rates of economical haul 
are about as follows: 


Drag scrapers, up to 150 feet. 
Wheelbarrows, up to 200 feet. 
Wheeled scrapers, up to 500 feet. 
One-horse carts, up to 600 feet. 
Two-horse carts, up to 1,000 feet. 
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For greater distances, the amount to be hauled should 
determine the method. 

In computing time necessary for a team to haul a load 
from the excavation to the dumping place, it is customary 
to figure on about 5 minutes for a 1,000-foot haul, or about 
200 feet per minute. 

Another point to be considered is the capacity of the dif- 
ferent types of equipment used in hauling away excavated 
materials. The following data, while, of course, merely ap- 
proximate as representing the averages found in ordinary 
practice, will aid in determining how many loads will have 
to be carried from the excavation: 


Wheelbarrow holds about 3 cu. ft. 

One-horse dump-cart holds about 20 cu. ft. 
Two-horse dump-wagon holds about 36 cu. ft. 
Regular builder’s cart holds about 27 cu. ft. 

Drag scraper will remove from 4 to 7 cu. ft. 
Wheeled scraper will remove from 10 to 18 cu. ft. 
Small car will remove from 27 to 81 cu. ft. 

A stone wagon will carry from 8 to 6 tons. 

A single load of ‘timber is about 50 cu. ft. 

A single load of dressed lumber is 1,000 ft. 


If it is desired to know the weights of material moved in 
connection with the above loading: 

Top-soil earth weighs about 75 lbs. per cu. ft. 

Sandy loam weighs about 90 lbs. per cu. ft. 

Common earth weighs about 90 lbs. per cu. ft. 

Mud weighs about 95 Ibs. per cu. ft. 

Clay weighs about 100 lbs. per cu. hts 

Dry sand weighs about 100 Ibs. per cu. ite 

Wet sand weighs about 110 Ibs. per cu. ft. 

Gravel weighs about 110 Ibs. per cu. fits 

Broken stone weighs about 100 lbs. per cu. ft. 


The cost of picking up materials such as earth, sand, or 
stone, and hauling them a moderate distance in wheelbarrows, 
is about 20 to 25 cents per cubic yard. With wagons or carts, 
the cost is about 15 to 23 cents per cubic yard. 

A man can easily wheel about 250 pounds in a barrow, 
and will walk about 15 miles per day of 10 hours. If wages 
are 15 cents per hour, the cost of wheeling earth is from 
8 to 5 cents per cubic yard per 100 feet of haul. This price 
is based upon quantities and weights given in the tables 
above. The lower price applies when the runways are level 


and the men work hard. 
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Other materials could be figured in a similar manner. 

Leveling or Spreading. If the excavated material is sim- 
ply hauled away and dumped over some embankment, or 
deposited in piles, there is but little extra cost above the 
hauling cost. If the material is used in grading and has to 
be leveled or spread when it is dumped, an average value 
for the labor in spreading is about 114 cents per cubie yard 
for either common or heavy soils. If labor is high in a 
locality, this may be increased to as high as 2% cents per 
cubic yard. It may possibly be better to form estimates on 
the basis of 75 cu. yds. handled per average man in a 10-hour 
day. 

A scraper operated by a team, driver, and one helper, 
may spread as much as 500 cu. yds. per day. 

Filling. Earth, material at hand, 20 cents to 50 cents 
per cubic yard. 

A man can thoroughly tamp 25 cu. yds. in 6-inch layers 
in a 10-hour day. 

Sheet-Piling. Where sheet-piling is needed in loose mate 
* rial, the amount to be added to the regular cost of excavat- 
ing will be about 20 cents per, cubic yard where shoring 
pieces are put in to a depth of 8 feet on about 4-foot centers 
in reasonably good ground; but where continuous surface is 
needed, the cost may be as high as $1.00 per cubic yard. 
For the worst cases, $3.60 per cubic yard. 

Miscellaneous Charges. There are several expenses which 
are more or less of the nature of fixed charges, which must 
be added to the items already stated. These miscellaneous 
charges consist of necessary repairs to equipment, roads, 
ete., together with the cost of general superintendence, in- 
surance, depreciation of plant, interest on invested capital, 
and all charges which cannot be placed directly under one of 
the headings used above. 

In connection with the charges due to repairs on equip- 
ment, a common allowance is about % of a cent per cubie 
yard; and an allowance of 1/10 of a cent per cubie yard will 
probably be sufficient for each 100 feet of distance that the 
material is hauled, as a charge for keeping cart roads in 
order. 

The allowances for general superintendence, insurance, 
depreciation of plant, etc., vary with the circumstances in 
each case, and can be determined only from past knowledge 
of similar work, or by analyzing the charges which are at 
all likely to occur, summing up the detailed amounts te 
which values have been given according to the best informa. 
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tion to be obtained, and dividing the total by the number 
of cubic yards to be excavated. The result will be the 
amount to add per cubic yard. 


Profit. Now that the total cost of excavation per cubic 
yard of material has been determined, the contractor must 
add a certain amount in order that a profit shall result to 
pay him for his time and labor. This percentage will also, in 
a great many cases, be the means. of saving the contractor 
from direct loss, unless he has added to his detailed esti- 
mate a certain percentage to cover the possibilities of loss 
from an excessive labor cost. This percentage to be added 
to the labor item will vary from 5 to 20 per cent of the 
labor estimate, depending upon local conditions. 

While the percentage to allow for pure profit has caused 
a lot of discussion, it is commonly agreed that the size of 
the work, the financial risk incurred, together with local 
conditions, snould largely determine this factor. From 10 
to 15 per cent is a fair profit if all other expenditures are 
taken care of. 


Costs on Large Work. The following excavating costs 
may prove of service as a guide to estimating on work 
where large quantities of material are to be removed: 


In earth, large masses, above water, 25 to 50 cents per 
cubic yard; below water, for piers, $1.00 to $5.00 per cubic 
yard; in trench, earth, 50 cents to $1.00 per cubic yard; 
loose rock, $1.00 to $2.00 per cubic yard; hard rock, $1.00 to 
$3.00 per cubic yard. 

Steam shovel work costs about 12 to 20 cents per cubic 
yard. In “Engineering Record” (Vol. 54, p. 732) some data 
are given from a paper by Mr. John C. Sessor on steam 
shovel work on the C., B. & Q. Railway. On one job of 
251,711 cubic yards, 1,104 cubic yards was moved per 10-hour 
shift. The cost was as follows: Equipment, 1 cent; steam 
shovel service, 8.9 cents; temporary trestle, 3.6 cents; track 
and track work, 5 cents; supervision and engineering, 0.2 
cent; total, 18.7 cents per cubic yard. 

On another job of 188,240 cubic yards, 946 cubic yards 
was moved per 10-hour shift. The cost was as follows: 
Equipment, 114 cents; steam shovel service, 9.6 cents; tem- 
porary trestle, 3.1 cents; track and track work, 4.2 cents; 
supervision and engineering, 0.3 cents; total, 18.7 cents per 
cubic yard. . 

The Illinois Central Railway estimate excavating in earth, 
in jobs below 50,000 cubic yards, to cost 25 cents per cubic 
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yard, and in larger jobs 20 cents per cubic yard, adding in 
both cases 1 cent per cubic yard per 100-foot haul. 

A committee report of the Roadmaster’s and Maintenance 
of Way Association, published in the “Railroad Gazette” of 
Oct. 31, 1904, and in “Engineering News” of Oct. 27, 1904, 
gives the following as the cost of ditching cuts and widening 
embankments: 

By wheelbarrows: 12.2 cents per cubic yard, plus 3.1 cents 
per cubic yard per 1,000-foot haul for common loam, or 7.3 
cents extra in bad, wet material. 

By push cars: 19.1 cents per cubic yard where material 
is unloaded by shovel, or 15.9 cents where unloaded by 
dumping box or similar arrangement, plus 33.4 cents per cubic 
yard per 5,000-foot haul. 

By machine ditcher: 22 to 30 cents per cubic yard, the 
latter figure being for a 15-mile haul in loam. In wet or 
bad material, add about 4.5 cents per cubic yard. 

The same report places the cost of team work with 
scrapers at 14 to 25 cents per cubic yard; and of ditching by 
casting, in fair digging, where one cast will place the mate- 
rial in suitable final location, at 10 cents per cubic yard. 


ROCK EXCAVATION 


Measurement 


Rock excavation is commonly measured in place before 
loosening, and is paid for by the cubic yard of actual excava- 
tion. In sewer work and in tunnel work, no extra payment 
is made for excavation beyond certain definite boundary lines 
shown on the excavation plans, unless special arrangements 
have been made for payment in such cases. Care should be 
taken to note whether the contractor or owner is to pay 
for extra work caused by accidental slides of rock due to 
blasting. 

In case of rock which is to be used for filling purposes 
in soft ground or near water, the contractor should remem- 
ber that a liberal allowance should be made for rock which 
will disappear in the mud or be rolled away by the current. 
Where work of this kind is to be paid for by the cubic yard 
of material in place, there is a chance for loss. 

If rock is to be excavated and measured by the cord, the 
method of piling the loose material will govern the measure- 
ment to a considerable extent. Where slabs are corded up 
carefully by hand, the -pile will average about 30 per cent 
voids or holes. The meaning of the term “cord” should also 
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be clearly defined, since a cord of wood is 128 cubic feet, but 
a cord of stone may mean 82 cubic feet. 

Likewise, the term “perch” is a very indefinite quantity, 
as explained later under the head of “Stone Construction.” 


Drilling 


Hammer Drilling. The common weight of hammer for 
one-hand drilling is 4144 pounds; for two-hand or three-hand, 
10 pounds. i 

Where two-hand or three-hand drilling is done, a 1%-inch 
or 1%-inch bit is commonly used for the starter. In this 
class of work, the extreme depth of hole is ordinarily not 
over 6 or 8 feet. 

One man holding the drill and two men striking (three- 
hand drilling) is the most economical gang for ordinary work 
where hammer drilling is used. 

Gillette states that on work where a 1%-inch starting bit 
is used, with one man holding the drill vertically and two 
men striking, the rate of drilling a 6-foot hole is about as 
follows: 


Granike Beacianc cea tere 7 foot depth in 9 hours 
4D) am a.chet desl DeyRA ase bie # Sunt yak 
TiimaestoOne we cite eters see 1 Gece oe iy ee Ph 


Basing the cost of this drilling on a wage rate of $1.75 per 
day of 9 hours per man, the cost of drilling the above mate- 
rials would be 75 cents per foot for granite; 48 cents per 
foot for trap; and 33 cents per foot for limestone, 

The cost of sharpening drills will add about 8 cents per 
foot to the cost of drilling. 

In plug and feather work in hard rock or granite, 60 holes, 
drilled, plugged, and feathered, should be considered as an 
average amount to expect of one man in an 8-hour day, each 
hole to be %-in. diameter and 2%-in. deep. 

Churn Drilling. For drilling vertical holes, churn drilling 
is cheaper than hammer drilling, except where the holes are 
small or very shallow. For deep holes in soft rocks, a churn 
drill operated by two or more men is a very effective means 
of drilling. The drill should be of good weight, since its 
action is due to the constant raising and dropping of the 
tool. 

Trautwine gives the following rates of drilling 3-foot ver- 
tical holes, starting with a 1%-inch bit. One man drilling 
with a churn drill will penetrate: : 

SfoSbKSL CRUGREWA Braids te Saeco incon 4 ft. in 10 hours 
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Toush hornblende... i... ads eae oe *€ 
Granite or gneiss ........... TC a ne « 
SME StONG sie ein = eo oie atts Si Te 2 
MAAS TOMO rai sere: costenete sier= ere gage Ee - 


To determine cost per foot, divide rate of pay per hour 
by number of feet drilled per hour. 

Machine Drilling. Gillette, in his work on “Rock Excava- 
tion,” gives the following rule for determining the number 
of feet of hole (N) that can be drilled in a given time (a 
day or shift) when a power drill is used: 


The total number of working minutes (S) in the shift or 
day should be aivided by the sum of the following quantities: 
The number of minutes (n) actually required to drill one 
foot of hole; the average number of minutes (m) required 
to change bits, divided by length (f) of the feed screw of the 
machine in feet; the average number of minutes (s) required 
to shift the machine from one hole to the next, divided by 
the depth (D) of the hole in feet. Thus we have: 

NS 
N = 
m s 
SS SS ap 
P D 

For example, in drilling holes 10 feet deep, let it be desired 
to find the number of feet drilled per shift of 10 hours. As- 
suming that 1-foot of hole can be drilled in 5 minutes, that 3 
minutes are required to change bits, that the feed screw is 
2 feet long, and that it takes 20 minutes to change the 
machine from one location to the next, then the above for- 
mula will give the number of feet (N) drilled per shift, as fol- 
lows: 


60 X 10 

N = 105 Pest, lor, say, 
3 20 
5+——+—— 
2 10 


seven holes 10 feet deep. 


The time to drill one foot of hole will vary with the 
kind of rock, the type of machine, the pressure of the air 
or steam, and the size of the drill. Average times for drifl- 
ing different kinds of rock with a machine having a 3%-in. 
diameter cylinder (inside dimension), using air or steam at 
70 pounds per square inch pressure, with a starting bit about 
2%4 inches and a finishing bit about 11%4 inches, are given 
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as follows: Limestone, soft sandstone, and similar rocks, 3 
minutes time per foot of depth; medium stones of same 
variety, 4 minutes per foot; hard sandstones and granites, 
5 minutes per foot; very hard granites and hard trap rock, 
8 minutes per foot; soft rocks that sledge badly 10 minutes 
per foot. 

The average time needed to change bits will be from 4 
to 8 minutes. ‘ 

The average time needed to shift the machine from one 
hole to the next will vary from 12 minutes for moderate 
speed on level rock, to 40 minutes for setting up in a difficult 
place. ‘ 

Cost of Sharpening Bits. In very hard rock, it will be 
necessary to sharpen bits about every 1% feet of hole. In 
average rock, a bit may be used for about 2 feet of depth, 
while in soft rock 4 feet may be drilled without change. 
Under average conditions, one blacksmith and his helper will 
sharpen by hand about 140 bits a day, which will supply 
about six machines. 

Blasting 


The loosening of rock depends upon its hardness, and 
upon the number of natural seams it contains. The direc- 
tion of the drilled hole as compared with the direction of 
the natural strata of the rock, is another factor which gov- 
erns largely the success of a blast. A larger quantity of 
explosive is ordinarily required for rock of a soft or loose 
nature than for compact rocks. 

Where black powder is used, it is usual to allow about 
3, of a pound of powder to each cubic yard of solid rock. 
If dynamite is used, an average estimate will be about 1 
pound of dynamite to 8 or 10 cubic yards of rock. The 
quality of the dynamite will cause this quantity to vary tu 
a considerable extent. 


FOUNDATIONS AND FOOTINGS 
Foundation Walls 


Building codes commonly consider “foundation” walls as 
including all walls and piers built below the curb level, or 
nearest tier of beams to the curb, which serye as supports for 
walls, piers, columns, girders, posts, or beams. Such codes 
also specify that these foundation walls shall be built of 
stone, brick, Portland cement concrete, iron, or steel. 

The costs of foundation walls, supposing that the mini- 
mum thicknesses were to be used, would be as follows: 
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TABLE VII 


Thickness of Foundation Walls for Buildings of Various Heights 
(No Building Code in Force) 


Dweturnes, Horets, Etc. WAREHOUSES 
Height of Building §=£_——H—_—________ 
Brick Stone and Brick Stone and 
Concrete Concrete 

Inches Inches Inches re 
Two stories.......... 12 or 16 20 16 
"Three stories. ......-> 16 20 20 24 
Pour stories... ... 0. .) 20 24 24 28 
Biverstories) 5 < cnc... 24 28 24 28 
Six stories... 2660.4: 28 | 32 28 32 


For 1 square foot of outside wall surface: 


Stone works SZ sthick= 2. 6<5 eee 28 cents 
@oncretey 8” thickest eke ae eee 20 cents 
Brick, (L2Vithick#eg taew eee ate 25 cents 


The above prices are necessarily approximate, and should 
be checked up in the locality where the work is to be figured 
on. The best way to check such results is to find the number 
of cubic feet contained in the proposed wall, by multiplying 
the thickness of each kind of material by the length around 
the wall, and then multiplying this result by the height de- 
sired. These dimensions should all be in feet. This gives 
the volume of the wall in cubic feet. 

Then find the quantity of each material needed for each 
kind of wall, and multiply by the local cost per unit of 
same. To this add the local labor cost for putting each form 
of wall in place. The result will be the total cost of each 
kind of wall. If it is desired to find the cost of each per 
square foot of outside surface, divide each total by the 
product obtained by multiplying the distance around the wall 
by the height. 

Detailed descriptions of similar methods of figuring are 
found in other places in this volume. 

As a guide to be followed when no building code requires 
or specifies a certain thickness of foundation wall, Table VII 
may be taken as indicating the average current practice. 


Proportions of Footings. The unit-bearing on foundations 
should be kept the same under all parts of continuous strue- 
tures. Foundations should be designed to distribute the loads 
upon them uniformly. 

Table VIII shows the bearing power of various soils, and 
may be used in determining size of footings for walls. 
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TABLE VIII 
Bearing Power of Various Soils 


=a 
BraRiIne PownR 
In Tons 
KIND OF MATERIAL Per Sa. Fr. 
Min Max 
Rock—the hardest—in thick layers of native bed........... 200 ae 
Rock equal to best ashlar masonry.............-.00eceeeee 25 30 
Rock equal to best brick masonry. .......5..2ccccccccecees 15 20 
Bock eapnal to poor brick Masonry. <.076 27 eiceice 0.0.0 ore ces aie olt.e 5 10 
Clay on thick beds, always dry. 2.00.00 cc ccc cccessvecccce 4 6 
Clay on thick beds, moderately dry... ..00......0sccceevees 2 4 
RRR Po eter nc eae. oc Cher ainie’ eerie Mort attic anal kaa he sores 1 2 
Gravel and coarse sand, well compacted. 3% 8 10 
Sand, compacted and well cemented................. 4 6 
ANAT CICA Gl Ys. Sabi fcileieo diate sje's's e:sre o:cjeishe a 2) em%are Me 2 4 
Ouseksand, alluvial soils, etc... sf. as os tbs Nett. ae wc wes 0.5 1 


In general, footings for natural foundations should be 
made 1 ft. 6 in. or 2 ft. thick. 

Footings for pile foundations should be made 3 ft. thick, 
with the pile head projecting 1 ft. into the concrete. 

Depth of Footings. Wherever exposed to the action of 
frost, footings should be carried from 3 ft. to 5 ft. below 
ground level, depending on the latitude. Footings should be 
carried to the firmest foundation within reasonable reach. 


Pile Foundations 


Pile Spacing. Foundation piles should not be spaced 
closer than 2 ft. center to center in any direction, and at 
least 2 ft. 6 in. should be allowed in one direction. 

Bearing Power of Piles. The maximum load carried by 
any pile should not exceed 40,000 pounds, or 600 pounds per 
square inch of its average cross-section. These limits apply 
to piles driven in firm soil to rock. Piles driven through 
loose, wet soil to solid rock or an equivalent bearing foun- 
dation, should be figured as columns with a maximum unit 
stiess of 600 lbs. per square inch in the outer fibers. 

Safe Load for a Pile. The safe load that a pile will sup- 
port has been the subject of some experiments and much 
speculation; but no unfailing rule has been deduced. The 
formula that is in most common use for determining this 
safe load, is known as the Engineering News formula: 

“2Wh 
P= ——., 
s+ 1 
in which P is the safe load on the pile, and W is the weight 
of the hammer of the pile-driver, both being taken in the 
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same unit, usually tons; h is the height in feet through which 
the hammer falls; and s is the penetration, in inches, of the 
pile under the last blow. 

For example, if a hammer weighing 2,000 pounds, falling 
20 feet, causes the pile to sink ‘1%4 inches under the last 
blow, then the safe load by tue formula will be: 

Qos 120 
P= ———————_ > 16 tons. 
1%+4+441 

Driving Wooden Piles. The cost of driving piles will 
vary with the nature of the soil and the method of driving 
the piles. Timber piles of good quality and average size 
may be driven for from 20 to 25 cents per foot of length, 
including the cost of the timber. This price applies to piles 
of about 10 inches average diameter and from 15 to 25 feet 
in length. 

The variation from these prices may be as much as 25 
per cent, or even more, when only a few piles are to be 
driven. 

Driving Concrete Piles.——Owing to the difference in design 
of concrete piles, the cost of piles in place may vary from 
about 50 cents to $1.50 per foot of length, the lower price 
applying to piles of plain design and short lengths. 

Concrete Blocks for. Foundation Walls. For basements 
less than 12 feet in height, a wall 8 inches thick is sufficient 
for supporting an ordinary 2-story frame building. The size 
of the blocks is a matter of taste, but no block should be 
longer than four times its height, or shorter than one and 
one-half times its height. The best builders favor blocks that 
are twice as long as they are high. Crushed stone that 
passes a %4-inch screen is used as aggregate where strength 
is desired, but may produce a rough appearing block. 

Where concentrated loads rest on concrete block founda- 
tions, a few heavy, solid blocks should be used as a bearing, 


EMPLOYERS’ LIABILITY INSURANCE 


Insurance against accident to both employees and out- 
siders, on work of normal risk, will cost about as follows: 


MASGIIYS © tc cree c een 3 per cent of the pay-roll. 
Ornamental iron work....3 bebe tac: Wy pebdie oe 
Excavating (no blasting) .3 SG sas ie 
Carpentry. os eee Caer AT RUM ae wei) tt rc 
Private dwellings ........ eI sys Roan be GPL pal <¢ 
Plumbing 4s. ae esac ee Te BS ia Sia Oy estes se 


Painting i0'icwins » | aCe ED RO aR ten Cem aae es M? 
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When the risk is great, these items may run as high as 8 
or 10 per cent. Insurance on building wrecking runs as high 
as 13 per cent. 

On some reservoir pipe lines in New Jersey, the insur- 
ance was 234 per cent; and insurance of this kind has been 
obtained as low as 1 per cent, or even sometimes less, on 
such work as road construction where there was practically 
nothing that could happen. On aqueduct work with a rock 
tunnel, a rate less than 4 per cent has been obtained. In 
deep trench work, accidents to the men are likely to be fre- 
quent; and accident insurance companies, when the work is 
to be done in certain kinds of soil, will usually refuse to in- 
sure the men on this sort of contract, 


Carpentry | 


RULES FOR GRADING LUMBER 


The rules which govern the grading of the various kinds 
of lumber sold on the market are determined by the various 
lumber associations. These associations are composed of 
lumber-producing companies who are interested in a particu- 
lar type of material, or group of materials. 

Since the rules for grading are subject to change, it is 
advisable\for contractors who are interested in a given prod- 
uct to send directly to the secretary of the lumber association 
dealing with that particular product, when the latest infor- 
mation in regard to grading is desired. The different asso- 
ciations publish small pamphlets containing these grading 
rules, which may be obtained free upon request. 

The following list of addresses will be of service in ob- 
taining copies of the various grading rules: 


For yellow pine—The Yellow Pine Manufacturers’ Associa- 
tion, St. Louis, Mo. 

For cypress lumber and shingles—The Southern Cypress 
Manufacturers’ Association, New Orleans, La. 

For hemlock, maple, beech, and birech—The Northern Hem- 
lock & Wardwood Manufacturers’ Association, Wausau, Wis- 


For oak flooring—Oak Flooring Bureau, Detroit, Mich. 


For Washington red cedar, western hemlock, and Oregon 
fir—The West Coast Lumber Manufacturers’ Association, Cen- 
tralia, Wash. 

For white pine—Northern Pine Manufacturers’ Association, 
Lumber Exchange Bldg., Minneapolis, Minn. 

For red gum and sap gum—Gum Lumber Bureau, Pull- 
man Bldg., Chicago, Ill. 

For red cedar shingles—Red Cedar Shingle Manufacturers’ 
Association, Seattle, Wash. 

For redwood—The Redwood Association, San Francisco, 
Cal. 

For all native hardwoods—Hardwood Manufacturers’ Asso- 
ciation of the United States, Cincinnati, Ohio; or, the Na- 
tional Hardwood Lumber Association, Chicago, Ill. 

For Arkansas soft pine—Arkansas Soft Pine Bureau, Chi- 
cago, Ill. 
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For additional information regarding grading rules and 
the properties of lumber, application should be made to the 
U. S. Department of Agriculture, Forest Service, Washing- 
ton, D. C. This Department issues bulletins containing grad- 
ing rules, and other valuable information in regard to all 
kinds of lumber. 


STANDARD SIZES OF DRESSED LUMBER 


As an example of the information which may be obtained 
from the literature of the lumber manufacturers’ associations, 
the following list of standard sizes of dressed yellow pine 
lumber has been reproduced from a pamphlet issued by the 
Yellow Pine Manufacturers’ Association, St. Louis, Mo.: 


Finishing shall be dressed to the following: 1-in.S.1S. or 
2S. to 13/16; 14%4-in. S. 1S. or 2S. to1 1/16; 1% in. §. 1 S. 
Or eS. to)! 5/16; ZnS. 17S) or 25. tol s4ning Ix49S- 2S, 
shall be 31% in. wide finished; 1x5 S. 4 S. shall be 4% in. 
wide; 1x6—5¥% in.; 1x7—6% in.; 1x8—7¥% in.; 1x9—8¥% in.; 
1x10—9¥% in.; 1x11—10¥% in.; 1x12—11¥% in. 

The foregoing widths shall also apply to stock thicker 
than $i) in: 

Molded Casing and Base. Shall be worked to %4-in. as per 
patterns shown in Yellow Pine Manufacturers’ Association 
Molding Book, 1908 edition. 

Flooring. The standard of 1x3, 1x4, and 1x6 in. D. and 
better shall be worked to 18/16x2\%4, 3%, and 5% in.; 1%4-in. 
flooring shall be 1 3/32 in. thick; 1%4-in. flooring to 1 11/32 
in. thick, the same width and matching as 1-in. stock. 

Drop Siding. D. and M. shall be worked to %x3%4 and 
5%-in. face, 414 and 5% over all. Worked shiplap, %4x5-in. 
face, 54% over all. ; 

Ceiling shall be worked to the following:  %-in. ceiling, 
5/16 in.; 14-in. ceiling, 7/16 in.; 5-in. ceiling, 9/16 in.; %4-in. 
ceiling, 11/16 in. Same width as flooring. The standard 
working of ceiling shall be beaded center and edge with 
slight bevel on groove edge. The bead on all ceiling and par- 
tition shall be depressed 1/32 in. below surface line of piece. 

Partition shall be worked to the following: %x3%4 and 
5% in. Same standard for location of and size of bead as 
applies to ceiling. 

Bevel Siding. To be made from stock S. 4 8. worked to 
13/16x31%4 and 5% and resawed on a bevel. 

Window and Door Jambs. Dressed, rabbeted and plowed 


as ordered. 
Boards and Fencing. 1-in. S. 1S. or 2S. to 13/16 in. 
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Shiplap and Barn Siding No. 1 Common. 8, 10, and 12-in. 
shall be worked to 13/16x7%, 9%, and 11% in. 

D. and M. No. 1 Common 8, 10, and 12-in. Shall be worked 
to the following: 13/16x7%, 9%, and 11% in. 


Grooved Roofing. 10 and 12-in. S. 1S. and 2 E. shall be 
worked to 13/16x9% and 11%. 


Wagon Bottoms, unless otherwise ordered, shall be made 
in sets 38 and 42 in. face, and from stock 4 in. or over in 
width. 

' Standard thickness shall be 13/16 in. 

Dimension shall be worked to the following: 2x4 S.1S. 
and 1 E. to 154x35 in.; 2x6 S. 1 S. and 1 E. to 154x5% in.; 
2x8 S. 1S. and 1 E. to 154x744 in.;-2x10 S. 1 S. and 1 E.-to 
156x9% in.; 2x12 S. 1S. and 1 E. to 1% by 11% in. Dimen- 
sion §. 4 S. %-in. less than standard size S. 1S. and 1 E. 

Heavy Joists shall be worked to the following: 2x14, 2%, 
and 3x10, 12, and 14, S. 1 S. and 1 E., green, %4-in. off side 
and %-in. off edge. S. 4 S. %4-in. off each face surfaced. 
Heavy joists, rough, green, must not be over %4-in. scant in 
width or thickness. 

Heavy Flooring. For 2 and 2%-in. matching, the thick- 
ness should be %-in. less than the rough material. The 
tongue should be %-in. thick and %-in. long. For 3-in. and 
thicker matching, the tongue should be 3%4-in. thick and 3%-in. 
long, and the thickness of the stock should be %-in. less than 
the rough material. The groove in heavy matchings should 
be 1/16-in. wider than the thickness of the tongue, and 7/16- 
in. deeper than the length of the tongue. Tongue and groove 
shall be located 14 the thickness of the rough material from 
the bottom of the piece. In 2 in. and thicker material plowed 
for splines, the groove should be the same width and depth 
as is provided for in matching material of the same thick- 
ness. 

Heavy Shiplap shall be worked to the same thickness as 
heavy flooring. The lap shall be % in. long, occupying one- 
half the finished thickness of the piece. 

Timbers shall be worked to the following: 4x4 and larger 
S. 1S. or S. & E, %-in. off each face surfaced: S. 3 S. or 
S. 4 S., %-in. off each face surfaced. 

Yellow Pine Plastering Lath. No. 1 should measure 2 in. 
in thickness to every five lath, green, the minimum. thick- 
ness of any one lath shall not be less than 5/16 in. green, 
and should not be less than 1 7/16 in. in width, green, length 
4 ft., 15g in. thickness to every 5 lath, dry, and should not 
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measure less than 1 5/16 in. in width, dry. Must not be more 
than % in. scant in length when dry. 

No. 2 must not be less than 1% in. in width, 14 in. thick, 
when dry, and not more than % in. short in length. 

Byrkit Lath. %4x31% and 5% in. wide, lengths, 4 ft. and 
upward. 

Square Pickets. From 1%-in. stock shall be worked to 
1 5/16x1 5/16, 3 and 4 ft. long, dressed on 4 sides and pointed. 
From 1%4-in. stock shall be worked to 11/16x11/16, 3 and 4 
ft. long, dressed on 4 sides and pointed. 

Flat Pickets. From 1x3 stock shall be worked to %4x2%, 
3 and 4 ft. long, dressed on 4 sides and headed. 


ACTUAL SIZES OF LUMBER 

About 95 per cent of the southern yellow pine on the mar- 
ket is classified and graded according to the rules of the 
Southern Yellow Pine Manufacturers’ Association, and runs 
from %4 to %%-in. smaller in dimension than called for by its 
nominal size. Table IX gives the actual sizes of the various 
nominal sizes of yellow pine lumber as given by the above 
named association. ‘Where the letters S-1-S-1-H are used, it 
means that the lumber is surfaced or planed on one side and 
one edge only, while S-4-S designates that the material is 
surfaced on all four sides. 

If calculations for safe loads on beams have been made 


TABLE IX 
Actual Sizes of Lumber Dimensions, in Inches 
(Southern Yellow Pine Manufacturers’ Association) 


For S1S1E 
Breadth | 2in. | 4in. | Gin. | 8in. | 10in. | 12in. 
Depth 
4 in. 1§x 3% | 38x 3% 
6 in. 13x 3 38x 5% i 
8-in 13x 7 38x 73 | 53x 72 | 73x 
10 in Hb 9% | 38x 93 | 53x 9% | 73x 9F | 93x 9F 
12 in 18x114 | 33x11 | 53x11? | 72x11 | 93x113 | 113x112 
For S48 
LLL LLL 
4in 14x 34 | 33x 33 
6in 14x 5 34x 54 | 54x 54 
8in 14x 7 ot be a 54x 741 7 
10 in 14x 92 54x 93 73x 94 
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TABLE X 
Factors for Reducing Nominal Loads to Real Safe Loads 
For S1S1E 
att ipa e sS Si ee ee ee Ss SS ee 
Breadth | Qin. | 4 in. | ein. | 8in. 10 in. | 12 in. 
Depth 67 74 ; 
4 in. ss = 
100 100 
71 82 
6 in, == = — 
100 10 100 
un 82 9 ) 
8 in. — —- — _ 
100 100 10 10 
3 84 9 92 93 
10 in. === oma ae a= — 
100 100 10 100 100 
: 75 &5 92 93 94 94 
12 in, Sey =F a mex SS _— 
100 100 100 100 100 100 
For S48 
57 67 
4in. 4 = 
100 100 
74 77 
6 in. acee ae == 
100 100 100 
64 77 81 82 
8 in —— ——- oS — 
100 100 100 100 
66 . 29 83 85 86 
10 in, Ba === == —— —- 
100 100 100 100 100 
67 8 84 86 87 88 
12 in. as == ceed — —_ nae 
100 10 100 100 100 100 


by using the full and rated size of timber, the load obtained 
for full-size cross-section should be multiplied by the factor 
corresponding to that size of section given in Table X. 

For instance, the safe load for a 2 by 12-in. yellow pine 
joist 10 ft. long is 3,200 pounds when the joist is taken as full 
2 by 12 in. From Table IX, we see that the actual size of 
this joist is only 15% by 11% in.; therefore the true load 
would be determined by multiplying 3,200 pounds by 75/100 
as given in Table X. On this basis, the safe allowable load 
would be 2,400 pounds. 


TO DETERMINE NUMBER OF FEET BOARD MEASURE 
IN TIMBER ~* 

A board foot is a piece of timber 12 in. long, 12 in. wide, 

and 1 in. thick. Thus a block of timber 12 in. square on the 
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end, and 1 ft (12 in.) long, would contain 12 board feet. A 
simple rule for finding the number of board feet in a piece 
of timber is to multiply the end dimensions together, divide 
this product by 12, and multiply this answer by the length of 
the piece in feet. 
Thus, a 2 by 12- in. joist 16 ft. long would contain 
2X12 
xX 16 = 32 board feet. 
12 

Table XI gives the number of board feet in 1 ft. of 

length of common sizes of timber. 


TABLE XI 


Board Measure per Linear Foot of Length for Different Sizes 
: of Timber 


End Size, Feet,Bd. End Size, Feet,Bd. End Size, Feet, Bd. 
inInches Measure inInches Measure inInches Measure 


1x2 oye 14x10 1.04 3x8 2.00 
1x3 25 14x12 1.25 3x10 2.50 
1x4 33 1144x2 25 3x12 3.00 
1x5 42 1144x3 wot 3x14 3.50 
1x6 .50 1144x4 50 4x4 1.33 
1x8 .67 1144x5 62 4x6 2.00 
1x10 83 1144x6 "15 6x6 3.00 
1x12 1.00 1144x8 1.00 6x8 4.00 
1x14 lea 6 1144x110 1.25 8x8 5.33 
1x16 1.33 14%4x12 1.50 8x10 - 6.66 
1x18 1.50 2x4 ~ TRG 8x12 8.00 
1x20 1.67 2x6 1.00 10x10 8.33 
14x2 21 2x8 kes 10x12 10.00 
14x38 so 2x10 1.67 12x12 12.00 
14x4 42 2x12 2.00 14x14 16.33 
1144x5 b2 2x14 2:38 16x16 21.33 
14%4x6 62 bx4 1.00 
144x8 .83 3x6 1.50 


Lumber of any given width may be calculated from the 
table by adding together the board measure in two other 
sizes of the same thickness of material. For instance, a 
2x16-in. timber will contain twice as many board feet as a 
2x8-in. piece, or aS much as a 2x12-in. and a 2x4-in. taken 
together. 

Number of Board Feet in Logs 

The hand book issued by the Forest Service on log rules, 

shows 45 different methods for measuring logs, each of which 
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differs in some respects from the others. In the Southern 
and Central section of the country the rule most generally 
followed is the Scribner-Doyle, which is based on the number 
of square-edged inch boards of standard width a log will 
make; and in scaling by this rule, measurement is taken at 
the small end of the log inside of the bark. Or if it is a 
longer log to be cut in two before sawing, the measurement 
of both ends is taken and the average diameter of the two 
makes the scale measurement for the butt log. 


There is a rule known as the 3% rule, said to be used in 
Maine, New Hampshire, and Massachusetts, the formula on 
which it is based being as follows: Deduct 1%, the diameter 
at the small end of the log inside of the bark, for saw kerf 
and slabs; square the remainder; multiply by the length of 
the log; and divide this last product by 12, for the contents 
of the log in board feet. 

There is another rule. known as the Orange river rule, 
which is used ‘in Texas and based on the following: Multiply 
the square of the diameter of the small end of the log inside 
the bark by the length of the log, and divide the product by 
30. The result is the contents in board feet. 


All of these rules are based on the measurements taken 
at the small end of the log inside the bark. By keeping this 
in mind, and getting a copy of the table of rules followed by 
the purchaser of the timber, the amount of timber may be 
estimated easily before it is hauled. 


Another rule is known as the New Hampshire rule. This 
rule is based on an imaginary cubic foot equal to about 14/10 
times the standard cu. ft. The statutes of New Hampshire, 
1910, give the law on this rule as follows: 


“All round timber, the quantity of which is estimated by 
the thousand, shall be measured according to the following 
rules: <A stick of timber 16 in. in diameter and 12 in. long 
shall constitute 1 cu. ft.; and the same ratio shall apply to 
any other size and quantity. Hach cu. ft. shall constitute ten 
feet of a thousand board feet.” 


In the practical use of this rule it is customary to con- 
sider 115 cu. ft. equivalent to 1,000 ft., board measure, instead 
of 100 cu. ft., according to the wording of the statute. In this 
case, the diameter is taken at the middle of the log inside the 
bark. If the diameter is measured at the small end of the 
log, 106 cu. ft. are allowed for 1,000 board feet. The New 
Hampshire rule is also called the Blodgett rule. 
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SHRINKAGE OF TIMBER 


Timber shrinks but very little lengthwise of the grain 
when drying, but crosswise the shrinkage may be quite con- 
siderable. The shrinkage varies considerably in different 
kinds of timber. The soft woods, such as pine, spruce, or 
cypress, shrink evenly, with but little cracking; but the hard 
woods, such as oak and hickory, are often subject to injury. 

Table XII gives the approximate shrinkage of timber when 
drying in the open air. 


TABLE XII 
Approximate Shrinkage of Timber per Foot of Width in 
Drying 

Shrinkage Shrinkage 

in Inches in Inches 

Kind of Wood per Foot Kind of Wood per Foot 

of Width of Width 
Ash .60 Horse chestnut 12 
Basswood 72 Locust .72 
Beech .60 Maple .60 
Birch 12 Oak 1.20 
Box elder 48 Pine, hard 48 
Cedar .36 Pine, soft .36 
Cherry .60 Poplar .60 
Chestnut 12 Spruce .06 
Cypress .36 Sycamore .60 
Elm .60 Tamarack 48 
Hickory 1.20 Walnut .60 

Honey locust A8 


pede op a eS a eee 
ORDINARY LUMBER WASTE 

In the use of ordinary lumber on walls, floors, ceilings, 
etc., the following percentages should be added to the actual 
measurement of the surface to be covered, in order to allow 
for lapping, matching, etc.: 

Battens, 1x4, placed 6 in. on centers, only 34 of surface 
measure is needed. ; 

Battens, 1x6, placed 8 in. on centers, only % of surface 
measure is needed. 

Ceiling will be same as flooring given below. 


Flooring, 3-in. matched............ sees eee eee er eeeees 50% 
ES OOUIME AcT ies aveceteteteretale shatehalst sis sls lorsrelals -1e sleisiels ele) e\e)* 5 33% 
IM abseHSN0y Sy Re GU OH Acad Oo otetaoua Cio OGOOUDT 20% 


(See also under Maple and Oak Flooring.) 
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Papers and felts are usually listed for enough less than 
the roll actually contains to allow for iapping. 
Sheathing, common, laid horizontally on walls withcut 


ODCDIN ES eh. b,. cisierare reise etre islelovaie wis orsia eh eielp cir tars 10% 
Sheathing, common, laid horizontally on roofs without 
ODENINE Shiesc sjeveosaee cys ah elsisiasyebev ete iai cus ow ahaieuclions ways etait =e eat 10% 
Sheathing, common, laid horizontally on dwellings with 
DSUal OPENINEsS s).:c.s12-ansve oieus Misia veh. wise s: ajo erclishe ee elaue eee Nothing 
Sheathing, common, laid diagonally on dwellings with 
astial, OPeNINES:: <.c.c:cswiske cess eisele « stok 3) eee ae comma ee 17% 
Sheathing, tight, 6 in., laid horizontally.............. 20% 
Sheathing, tight, 8 in., laid horizontally.............. 15% 
Sheathing, tight, 10 in., laid horizontally............. 12% 
Sheathing, tight, 6 in., laid diagonally................ 25% 
Sheathing. ticht; 78 in. laid sdiastonalty.... oc oe eee 17% 
Sheathing, tight, 10 in., laid diagonally. ...-......:.. 12% 
SldINS AOD oc. 5 af etereseve sete eeetels kore Sires a cite tae ei eee 20% 
Siding: laps Asin: tosweanher=. -...<..00cnk come ek eens 50% 
Siding wap; 1444 "invita “weather... o.c..e sen ecm ae enn 33% 


To estimate the quantity of sheathing or of shiplap, ap- 
proximately, calculate the exact surface to be covered, de- 
ducting openings; then add the following percentages: 


Sheathing. Shiplap. 
Wore HOOTS danas 6 chine ane ees Essie noi 1/7 or 15% 1/6 or 17% 
Horeside walls ve ciccsusteuewtec ote elon ctetece ots 1/6 or 17% 1/5 or 20% 
Or TOOLS, svcelae cis ticke cote seekers oe 1/5 or 20% 1/4 or 25% 


HOUSE CHART 

The object of the chart on page 8 is to give the names of 
various parts of a frame house. On account of the limited 
space, only one story and roof could be shown; but this does 
not matter much, as the second or third stories would be 
similar to the first. 

To show as many of these various parts as possible, the 
house is arranged in a peculiar manner, parts being omitted 
here and there; while many parts are drawn larger than 
they should be, so as to show them clearly. 

The main body of the house, toward the left, is the bal- 
loon-framed type; while the wing, toward the right, is of the’ 
braced-frame type. The names of the various parts are as 
follows: 

1 Stone foundation. 4. Sill. 


2. Brick pier or pillar. 5. Corner-post of balloon 
Oa eOSst. frame. 
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6. Corner-post of braced 27. Ridge-roll. 
frame. 28. Shingles. 
7. Studding. 29. Horizontal sheathing. 
8. First-story beams or 30. Diagonal sheathing. 
joists. 31. Sheathing paper. 
9. Trimmer. 32. Clapboards or siding. 
10. Tail-beam. 83. Shingle siding. 
11. Header 34. Water-table. 
12. Mortise-and-tenon joint. 35. Pitched cap of water- 
13. Second-story beams or table. 
joists. ‘ : 36. Window-frame. 
14. Ribbon or girt strip. 37. Shutters or blinds. 
15. Plate. 38. Frieze. 
16. Girt. 39. Fascia. 
17. Bridging. 40. Planceer or plancher. 
171. Brace. 41. Gutter. 
18. Common rafters. 42. Corner-board. 
19. Ridge. 43. Collar beam. 
20. Valley rafters. 44. Lath. 
21. Jack rafters. 45. Rough plastering. 
22. Hip rafters. 46. Finished plastering. 
23. Roof sheathing. 47. Baseboard. 
24. Purlins or shingle lath. 48. Flooring. 
25. Flashing. 49. Well-hole (for staircase). 
26. Ridge-board. 50. Door opening. 


BARN FRAMING 


At first glance at the construction shown in Fig. 4, one 
would think such a frame a wilderness of timbers. As a 
matter of fact, however, the system is simple, and the num- 
ber of names of different members or parts is not great. 
The accompanying list (p. 155) gives the names and sizes of 
the different numbered parts. 


ESTIMATING LUMBER FOR BUILDINGS 


In estimating material for buildings, it is often desirable 
to have some easy, quick, and reliable methods that will 
enable the contractor to arrive at a close, approximate cost 
without the necessity of going into all the details and mak- 
ing out lumber bills. As nearly all lumber is sold by board 
measure, it is apparent that an easy system of reducing 
linear feet of different-sized timbers to board measure is one 
thing needed: This is the case with sills, girders, and beams. 
The linear feet of such timbers in many plans can be de- 
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Fig. 4. General Framing Plan for a Heavy Timber Barn. 
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termined in a few minutes; 
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PARTS OF A HEAVY TIMBER BARN 
Name of Part ‘Size 
EZBSOIROTIESEID Vea Wee ce tals «te mina 10 by 12 inches 
Basement. posts < ieeoe sacs «oss adsee 42 by,.120. # 
EATS Pew st Sete hard i Os bee cic 10 by. 10-~ *° 
LOBEL Berek oo ete eh aged d wks 'eratrate > 10. by. 10° - =‘ 
DISitig ORG tA. sae ces Loe aes Sabyee oor a 
Center post ....... pe OR et Teg ote AR Bry. Sant 
LESS OCU ON Se te et Sa S bye n. 
Main> plate vac. . 2.’ ere is Toes Sib yo S bos 
POL srs ease renee att ote GL pys Gy 
EBTIMG DERINS ery, ve ee ees GIDS wy nr 
PULL DIAGCES. wy poe oie ene sins et Ouby, O17 * 
WP CP RPATEOLS 72 nx'oo ids sibs slot 3's SED YD Oba 
DRAVOR TAL LEran gy aoe oan ee s,s save + DY Ou) Haas 
PU Cir bgt eS a5 seen ee bye Ge, 
Puplar btaees as oS, wk esas ;'2 eka ES sh ee aes 
BieeE | OFACE™ cary, farce aha ase «5 a caats eS pig: eee 
Perk KMID OS OG, 4 ocet ope Vers a lars « a tng 3 by. 4... %F 
Pe-he-PUN DEACO yoysw Mav sa eee 2 « BN, saree: kee 
End girts 60505 PV Saab eee a eps ae. Abby G45 
Siew SINC wats se fee siolark mae, ha,» cide Dy eG. a. 
PIGOMGCIETGI alates Ve wate f. tele oro 8 4by 6 * 
POV RC OCG ee ne abn eg atone a elect Gaby? Sei. 
i ronatet ints Setl Sets. earcrs <laielr tree B°by7 Aor cs 
TUG ONEOStMe Rl rat otiat aA ’ere o's 1s 3by 4 “ 
OCP eDPOStAt et ae dimecwce sete es 4by 4 “ 
Overlays, top and ends flatted to... 6 es 
Dee DeTS hak ahr eel on a lady oh O59 8 G.by Gls 


then if these quantities can 


quickly be reduced to board measure, the cost can be figured 
without difficulty. Again, if the number of feet board meas- 
ure for various kinds of framing is known, then the estimate 
of ,the cost of material for such work is quickly reached. 
For assisting in estimating the cost of material without 
making out a bill in detail, Table XIII will be of service. 


—— 
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TABLE XIll 


Number of Feet Board Measure per Linear Foot, in Sills, 
Girders, and Beams 


AG TV syste otevetehsre seers sie cuehore 316 2 ft. per linear foot 
6X6) inst. cn ota cp re teiter 3 ae os re < 
6x87 lias see asec himceare aoare 4 os es = 
SX SUN cerssess we ereutateust lores 5A OS " os 
Sxb OMAN pee tee wie sl oceqe ets em eee esas G2. Tene. < a 
Ox 1 ORIG ee ial aba emt e ee Bagres a ce = 
WOXL 2 Tar etewnce w eleicteita eee crete rere 10 ee i = > 
V2X12" INR Asad ooh ee eae Geet es 12 nh tigge 7 s 
TABLE XIV 


Number of Feet Board Measure in a Square of Framing 
Partitions (including plates)— 


ax4sin’- partitions seteiG im ©. °C. 2.2 snc eee 80 ft. 
ox4e s se eA UI a I See ROY A mpage Cie. 
2x40" s ot te ee eh Ae, S 60 
2X6 es S fib ee Oat a ET SOS She te Se 1200 
2x6 “ BY SSR OS Sod oo. ee ie 200 
2x6 “ “ SET oi Eat EIN ay ly ob 90.5. 


The framing of outside walls may be estimated the same 
as above. 


Floors and Ceilings (allowing one joist in every square 
for doubling)— 


2x4 21n LSet. LG sinet Ooms. oarantocchen aistciotus ele memteinte 67 ft. 
DO eo eo RN Gee Baha ore cue Rlcrhais see Re a'00jee 
DXB ee Te AG fier eae re eects ice her ieee eS TRS Sey 
p> ad me ee mcr Wien ge Lae oo i ig, Se ea ah Lot Ss 
Vy. tals Sect Ayo ey me AS OS Oe ms ST ZOO Secs 
DIL 2 ee SG 1D on ae enna: hareieoiaye ecchaue rele crate enna 240 “ 
yp ae i ea he A saute nen 2 ed ee Eng ye tales F 3 2oombe 
Pa alt Sealy ae ae bl hea oak teh Ne Ee Spee ee oP 8 8 a ete 


Roofs (allowing one extra joist per square for cutting, 
etc.)— 


2x4ins Set 16 ine Or Ge. cn cow eoee 67 ft. 
PS Gate Pian URAC Wacken key Aen RG, 3378 Sy AS, ie 
Oe a AN «ae Meee ot et. citexe iardhe, reer oe sere es aaron 
DXB VS oP ae 1G Soe es ce revenge once c tere nee ne ee 100/35 
7-4 MMR AD ge Sh! ES Se AAAI i ooo ahem chee Sm 
> i ake | NE RIES NG Rian oS Res sho aiNlS Aue 
6 TE | gta et Sk Sete NG ASA bite Adis 133 “ e 
>) 4 Mie UN GR CE Gy A ead hems of ico o.0 LOTS 


BES ES OO Aa nocache ar ater coleerete rere ete Veter Sou 
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TABLE XV 


Number of Feet Board Measure Required per Square, Allow: 
ing for Matching, etc. 


Simeie SSDI DLA Mitac sticks Sere cence cee ee ee LUGE Et: 
10 ie oe LCS SPCR rs SP ey ete teen: Se abd gs 
2% face matched flooring. ....4.......... ser 
3 en MMC ce ocor cits. crane trons ia 
5% “ s * pes wie Te eee WPA) 
ComecesDOVClOds SICING Re yom toisk seen Ae ee 120 * 
ag a od dare TNO ake Pats erclote es con ee oom 
Ga SOrop POM Teas SaPatey nial sed 12 sips ig to OR OE aes PA) 
8 “ novelty Ge Pee states sons spel’Mere eno meotertecs dG rice 
TABLE XVI 
Number of Shingles and Lath Required per Square 
Shingles laid 4 in. to weather...... 1,000 per square 
ce ES ee ae 9 tae Bade F 900 “ ce 
Ng 5 ae i Ne ete A SOOM S 
MEAL me DCI SOMa Vso sisce eictcrdro. scant eretherchebetoiorcren arale 14 
IPETPLOOESH. SV OSistke cae ete ete ome e oe ee eer 1,400 


ESTIMATING QUANTITIES OF NAILS 


Table XVII will give the number of wire nails in pounds 
for various kinds of lumber, per thousand feet board meas- 
ure, allowance being made for loss of covering surface due 
to lap or matching of material. The sizes given are as rated 
on the market. 

If cut nails are used, add % to the number of nails as 
shown in the table. 

Table XVII is based on the use of lumber cut to an average 
length of 12 ft., except in the case of %-in. flooring, which is 
based on an average length of 6 ft. 

Shingles, per 1,000, require 3144 pounds of 3d, or 5 pounds 
of 4d nails. 

Lath, ordinary, per 1,000, studding spaced 12-in. centers, 
10 pounds of 3d common wire nails. Studding spaced 16-in. 
centers, 8 pounds of 3d common wire nails. 

Bridging, per set for 2x10 joists spaced 16-in. centers and 
8 nails per set, will require 26 pounds of 8d common, or 38 
_ pounds of 10d common wire nails per 1,000 linear ft. of bridg- 
ing. 

Furring, 1x2, will require 10 pounds of 10d nails, or 7 
pounds of 8d nails, per 1,000 ft. of length. 
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TABLE XVII } 
Weight of Wire Nails Needed per 1,000 Feet of Lumber 


Kind of 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
3 
3 
2 
2 
3 
3 
2 
2 
2 


See ee BD Wt 
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TABLE XVII—Continued 


Distance 
Apart of 
it Joist, or | Number | Size of |Pounds| Size of | Pounds 

Kind of Studding | of Nails to Nail of Nail of 

Material Nailing Each Nails Nails 

Space Board 
in each Nail- 
Inches |ing Space 

Flooring 1x4 16 1 6 com. 15 8 com. 27 
SS 1x6 12 1 i he 12 SNees 23 

38 1x6 16 1 Gees 10 Soni "iss 
= 1x6 24 1 6a 7 Se 12 
al 1x6 12 2 Cres 24 Sree 46 
iy 1x6 r 16 2 6a 20 Ss 36 
Ge 1x6 24 2 pans 14 fs URE 24 
be 1x8 12 2 8d com 32 10d com 47 
oa 1x8 16 2 25 104 36 
sf 1x8 24 2 oe Ns 17 Owe, 26 
Ceiling, 3x4 24 1 5d fin 4 6d fin 6 
“ 34x6 24 1 Bes 3 z 4 
ae bgx4 24 1 6d fin 6 8d fin. 10 
“ 54x6 24 1 6a 4 as 6 
a 4x6 24 1 6d com i 8d com 12 
Siding, 4x4 16 i 6d com 15 8d fin. 15 
eS 144x6 16 1 Go ben 10 Sioa s 10 
“ x4 16 1 6d fin 9 7d fin. 10 
a 144x6 16 M Gr 6 bes ae T 


Framing studding will require 15 pounds of 10d, and 5 
pounds of 20d nails, per 1,000 ft. of studding. 

Framing joists will require approximately the following 
amounts of 20d nails per 1,000 feet: 


Frame buildings, 16-in. centers...... e eiofetotea eee DeLDAL 
« ee WAS Celige Mieco | dat SA arora ona PANS ge 

Brick oe GAN ewe Mee oct site cere catered Olen 
B cf 12-in. SOOM aS cic Astage tates Mite ee 


Finish, 7%-in., will require about 20 pounds of 8d fin. 
nails per 1,000 feet, while 1%4-in. will require 30 pounds of 
10d fin.’ nails per 1,000 feet. 

Clapboards will require about 18 pounds of 6d box nails 
per 1,000 feet. : 

Table XVIII gives the approximate length and gauge num- 
ber, as wel! as the approximate number per pound, for stand- 
ard steel wire nails. 


SATISFACTORY METHODS OF TAKING-OFF QUANTITIES 


Some useful hints as to taking off quantities from plans 
were given by Mr. James Young in an address before the 
Carpenter Contractors’ Association, of Cleveland, Ohio. The 
system followed by Mr. Young is of much interest, and is 


/ 
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TABLE XVIII 
Standard Steel Wire Nails 
_Approximate Size Approximate 


Description. of Wire Nails. No. tothe Pound. 
SOSHNe: J etceratrs.cere 1% in. No. 16 920 
ote COMMON aoe selene DEE EO LAG 615 
4d of ay CS ose NA eres. he 322 
6d ig MCS Gas 2 Sn ele 2 200 
8d Sal ty caerctamrects 2 ena” AOU 106 
10d ie og Be Goeeeee 3 Saas COAG 74 
12d ee BABY ri ES as 57 
16d ae Pbbkc orcs aE ol ee Ae 46 
DO0Ge wos | hee. eee 4 ee EG 29 
30d pe Roce ee C1 AR gee ty 23 
Gd F casing ea. eee 2 oh} ne Pe Ie 260 
8d PED pe St ee Pn PAG a Sas 16u 
10d EN ee 3 edie a aNd 108 
4d finish tones ees Dae eee eo. LG 767 
6d bel ual Posnetek 2 ae a 359 
8d SO tN mater FR “SS 8 214 
LO dia < oes eee 3 Pam (2 134 
Se Shinto eee Ee amet @ emu IES. 429 
Gd) flooring = hee DP eee 3" Ad 151 
8d oe ES PtSi ca Bae ee ees 10) 98 
10d oa TER 3 le ae) 66 
Ad PDOX® Aicete ates cies Os ee aa 5 550 
CObe Le siuien ones 2 a oe ds 250 


worthy of consideration. The suggestions were in part as 
follows: 

“The first thing I do when figuring a job, is to give a 
general glance over the plans, elevations, and specifications. 
Then I turn to the basement plan, and take off the number 
of linear feet of girder and its size, whatever it may be; 
posts, if any; and these follow the date, name of architect, 
and owner, as my first entries. Then, turning to the first- 
floor plan, I take the amount of sill in linear feet, making 
an entry of that, and how the sill is composed. I take that 
measurement accurately, measuring the plan at its longest 
and widest square projection; thus, should the length be 
58 ft. and the width 42 ft., we have 116 ft. and 84 ft., making 
the girth 200 ft. If there are any bays, I add 3 ft. for each 
bay. 

“We have now not only the linear measurement for sill, 
but also for studding, sheathing, ete. Then I take the su- 
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perficial area of the first floor for joisting, making the entry 
at whatever it may measure. For instance, first floor ‘1,950, 
2 by 10 by 16 by 19,’ thus indicating the number of square 
feet to be joisted, the size of the joist, the spacing, and the 
average length. 

“T then turn to the second floor and do the same, making 
the same kind of entry, usually with some additions. For 
instance, there may be some bays or projections, which are 
only one story high, with girders running across at these 
openings. I take the amount of such girders and the size 
of bays or projections which stop at first floor, because, if 
they are not covered by the second-story joists, they must 
have ceiling joists. Then there may be one or more pro- 
jections thrown out on the second floor, which are packed 
with mineral wool or otherwise treated. In addition, then, 
to the mere entry of joists for the second floor, I may have 
entries like these: ‘36 feet 6 by 10 girder, 115 ceiling joists, 
130 feet 4 inches wool.’ The fact of the entry of the wool 
carries with it the furring and sub-floors necessitated by its 
introduction. There may still remain other features on the 
second floor to be taken care of. The first floor may have a 
large living room, over which the joists are 2 in. wider than 
the balance of the house and set at 12-in. centers. I take 
the size of that room, and make an entry like this: ‘extra 
on 24 by 32, 2 by 12, 12,’ indicating that a portion of the 
second floor will have joist 2 by 12 set at 12-in. centers and 
24 ft. long. 

“Having thus taken care of the second floor, I then turn 
to the third floor or attic, and take the measurement 
of it. From the attic floor, I take the measurement of the 
roof and ceiling joists or collar-beams. Unless it is an ab- 
solutely plain, straight roof, I never measure it off the ele- 
vations, because I think I can measure a roof that is pretty 
well cut up much more accurately from the roof plan, and 
that in a fraction of the time required to measure each and 
every section or portion of roof as shown on the elevations. 
In the former case, I know that I have got full quantity of 
roof, while I might be doubtful if using the latter method. 

“No matter at what pitch a roof is, it must bear some 
definite relation to the amount of plan area to be covered. 
The only thing necessary, then, is to find the various pro- 
portional relations that different pitches bear per square 
to the plan per square to be covered. Having determined 
that, you decide it is not only for one roof but for all time; 
you have then before you the simplest of propositions, and 
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one that can be absolutely relied upon. But this does not 
dismiss the matter of roof. For instance, the measurement 
of your attic floor for joist does not go beyond your plate 
line, and your roof does. Then again, there may be a deck 
16 by 20 ft. I believe it is better to make the entry ‘16 by 
20 feet’ than ‘deck 320,’ because the former entry gives not 
only the area of the deck but also the amount of deck-plate, 
and I think that it is particularly important to get a correct 
amount of the material that goes in a deck, because I ques- 
ion if the material in any other portion of a building costs 
as much to put in place. 

“Having a deck, then, 16 by 20 ft., take 320 feet off from 
the measurement of your roof plan, and you have the amount 
on which to apply your proportional relation. I count the 
number of dormers in a roof, and allow so much additional 
per dormer, determining that amount at the time according 
to the kind of roof the dormers may have. One-half of the 
roof plan will give the amount of space required for collar 
beams, I believe, as accurately as it can be obtained in any 
other way, and there can surely be no method quicker. 

“T then measure the cornices. The main cornice I meas- 
ure from the attic plan, as it can be measured as accurately 
there, and more quickly than by taking it from four eleva- 
tions. I usually make a price per foot on the cornice at 
that time, embracing that portion of roof which it takes to 
cover it. The gable cornice I measure from the elevations, 
also making a price per foot on it. Then I take the amount 
of dormer cornice. I also take the number of feet of hip 
for cant boards or hip shingles, as the case may be. 

“I then turn to the walls. I already have the girth of the 
first floor. I take the girth of the second floor; and taking 
the mean between the two gives the girth for the total height. 
My entry would be thus: ‘200 feet of 2 by 5 by 22 stud and 
sheathing.’ I then take the final covering, whatever it may 
be—siding, shingles, or timber work. If siding is used, I run 
my eye over the numbers of corners on the first and second 
floors, add them together, multiply by half the height, and 
I have the number of feet of corner-boards or mitered cor- 
ner, as the case may be. I then measure the gables and dor- 
mers. I usually put higher price on gables and dormers than 
I do on the walls, because there is more waste and the work 
is slower. 

“I then take water-table belting, if any, brackets, ete. I 
think it is well to put a price on these at the time, because 
it is difficult to make a note of them in such a way as to 
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indicate their value. At this stage I go back to the attic 
plan, making the entry ‘attic.’ If a subfloor is used, I simply 
make the entry ‘sub,’ if it is laid straight; I follow the word 
‘sub’ by the abbreviation ‘diag.’ if the floor is laid diagonally. 

“TI then measure the amount of finished floor, which is 
usually considerably less than the floor surface of the build- 
ing, because the attic is usually studded in from the plate 
line. Then I take the number of linear feet of partition; the 
number of feet of base; the number of doors, height, style, 
and thickness; the number of windows to be cased; the 
number of closets, and how treated; the number of feet of 
cupboards; and whatever else appears on the first-floor plan. 

“T then take the second floor in much the same way, the 
subfloor, the finished floor, paper, furring, wool, if any of 
these are called for. If bathrooms are marked ‘tile,’ I make 
an entry of so many feet of tile extra, because it costs con- 
siderably more to cut in floors between joists, fitting around 
pipes, than it does to lay it on top. 

“In measuring partitions, I always measure those run- 
ning one way of the building first, then measure those run- 
ning the opposite way. I think one is more apt to get a cor- 
rect measurement by so doing than if he tries to measure 
them irrespective of the way they run. 

“Then I take the number- of doors, window sides, closets 
plain, closets with drawers, the number of feet of cupboard, 
the number of mantels, medicine cases, towel closets, and 
whatever else may appear on the second-floor plan. 

“Tf there is a room in hardwood, I take that by itself. If 
the hall is hardwood, I shall have an entry extra on 8 ve- 
neered doors, hall’; that implies that there must be jambs 
with hardwood edges and hardwood finish on one side; and 
then so many feet of hardwood base. I usually measure the 
hall by itself, in any case, because not infrequently it has a 
wood cornice, and you may not know whether it has or not 
until you are studying the three-quarter scale drawings. 

“The first floor I treat somewhat differently. One very 
serious drawback to taking off quantities of interior work 
of the first floor is due to the fact that in many cases there 
is only one set of three-quarter scale interior drawings, and 
they are kept in the office, so that it is impossible to take 
off the work of any room intelligently. 

“For a number of years, unless the three-quarter scale 
drawings accompany the plans, I have adopted the following 
method: After taking the partitions and floors, I take each 
room by itself, because the style of finish may differ very 
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materially in the different rooms. An opening in one room 
“may be cased for three or four dollars, while that of another 
may be worth ten dollars or more. 

“My entries for these rooms. then, are as follows: ‘Liv- 
ing room, birch, 3 door sides, 5 window sides, 70 ft. base or 
wainscot, 110 ft. picture mold or cornice, 10 ft. of alcove 
beam, 2 corner pilasters, mantel.’ 

“I take off each of the rooms and halls in this way, leav- 
ing two or three blank lines in my book between each room 
for the insertion of anything that appears on the interior 
drawings but not shown on the plans. 

“Kitchens, pantries, store rooms, servants’ dining room, 
and rear halls, I group the same as on the second floor, as 
invariably these are all of some one style. Then I take the 
number of feet of cupboards, and any other incidentals that 
may appear to be called for. 

“I then take off the stairs. Rear stairs from basement 
to attic, I usually put a value upon as I look at them on the 
plans. The main stairs I usually make a diagram of as to 
position of the newel, the start of the rail, the shape of the 
first two or three risers, the width of the stair, number of 
landing posts, the number of feet of level rail, which, of 
course, includes the well-hole casing. The raking rail will 
run about a foot to the tread. I make the price after seeing 
the style on which the stairs are built. I rarely ever lump 
a main stairs at so much. I figure a stair itself at so much 
per step, according to its design and the wood of which it is 
built; so much for the newel and each of the landing posts; 
so much per foot of rail; and so much additional for each 
ramp or casing. 

“After taking off the doors on the first floor and what- 
ever work there is in the basement, I am done with the 
plans, so far as the interior work is concerned. I then turn 
to the elevations and take off the window-frames. ‘While I 
already have the number, that does not enable me to make a 
price upon them, as their value may vary materially. This 
is my method, taking each elevation consecutively: I put 
down on my pad the number of common double-hung win- 
dows, and then look at those which are special; and on them 
I put a value. The entry in my book then will be like this: 
‘40 common windows, specials, $215.’ 

“The only thing that is now left is porches and roofs 
and cornices of bays and balconies. Porches I take by the 
square foot—so many feet of floor and ceiling, so many feet 
of roof, so many linear feet of beams and cornice, soa 
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many posts, so many feet of rail, so many feet of lattice. 
Bay roofs and cornice I measure in with porch roofs and 
cornice, as they generally are of the same style and value. 
Balconies I take off as they may appear. 

“Having now completed taking off my quantities, my one 
object is to get the amount of surface I have to cover on 
the exterior, and the nature of that covering; and in the 
interior, to get the quantity and kind of the various items 
that go to make the complete whole. After having done this, 
I read over the specifications carefully to see whether or 
not there may be something which I have overlooked in the 
more general reading at first. 

“T have described the taking-off of quantities of a frame 
residence; taking off the quantities of a brick residence does 
not vary materially, although there is not so much to take 
off. There is one item which I always make an entry of on 
a brick residence which I do not make on a frame residence; 
and that is scaffolding. 


MILLWORK 


The term millwork is often used to include all material 
such as doors, door-frames, sash and window frames, tran- 
soms, moldings of various kinds, columns, capitals, cupboards, 
thresholds, stairs, hand-rails, newels, balusters, spindles, 
grills, mantels, consoles, chair and plate rails, wainscoting, 
base, screens, weather strips, etc. The prices of these va- 
rious materials vary to so great an extent in different local- 
ities that it would be impossible to give any price list which 
would be of practical service in all instances. It is better 
for a contractor to make a list of the materials needed, and 
submit same to some dealer in millwork for an estimate on 
same. It would be well for a contractor to examine a cata- 
logue containing descriptions of various types of millwork, in 
order to choose the type best suited in.a given case. The 
price of millwork also varies with the quality of materials 
used in its construction, and the amount of decoration and 
type of finish used. 

Labor quantities necessary in placing certain types of 
millwork will be found in the section devoted to Labor. 


Doors 
Doors may be obtained in stock sizes varying from 2 to 3 
ft. in width, and from 6 ft. 6 in. to 7 ft. in height, and in 
1%, 1%, and 1% in. in thickness. Doors 1% in. thick are 
commonly used for closets, while the 1%-in. are generally 
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used for all inside doors less than 3 ft. in width and 7 ft. in 
height. Outside doors and doors 3 ft. or over in width and 7 
ft. in height, should be 1% in. thick. 


Window-Sash 


Sash are listed in stock thicknesses of 1%, 1%, and 1% 
in. The lighter types of sash are used in unimportant places 
or for small windows, while the 1%-in. thickness is used in 
small residence work. Common sash are made in stock sizes 
which will suit almost any purpose, and which are deter- 
mined by the regular sizes of glass used. In reference to a 
given sash, it is. called a 2, 4 or 8-light sash according to 
the number of lights of glass used. Sash are also referred 
to as “single” or “double” when used in a window. Single 
sash should be referred to as so many lights of glass of a 
certain size, giving the size of the glass and the size of the 
outside of the sash in order to make the description clear.. 

In ordering sash and doors, dimensions should be given 
in the order of width, length, and thickness of member. It 
is well, in ordering sash, to specify whether single-strength 
or double-strength glass is to be used. 

Sash and doors may be shipped open or glazed as desired, 
but it is generally cheaper to have all glazing done at the 
mill. . 

Measuring Interiors for Millwork 


In order to measure up millwork for interiors with any 
degree of accuracy, it is necessary that some definitely out- 
lined plan be followed. The following scheme of taking meas- 
urements applied to the interior.of an ordinary house three 
stories in height will be of service in this connection: 

Top Floor. First, go to the top floor, which is the third 
in this instance, and start by taking the measurements of 
all the windows. The handiest and quickest method is to 
take the sash sizes. Having this, and knowing the con- 
struction of the frames furnished, there is a good basis 
to work on. In this case there might be one twin box 
frame, 2 ft. 5 in. by 4 ft. 6 in., one 34 in. jamb, 1-in. center; 
one box frame, 2 ft. 9 in. by 5 ft. 2 in., 1%4-in.; one skeleton 
window-frame 2 ft. 7 in. by 5 ft. 2 in., 33-in. seat. 

After having taken all the windows, proceed by taking 
the door sizes next. There may be an opening of 2 ft. 10 
in. by 6 ft. 10 in. between the rough studs. This would 
mean a door of 2 ft. 8 in. by 6 ft. 8 in. A stud, which may 
be 38 in., would need a jamb of 4% in. Whatever the size of 
the rough opening is, make the door 2 in. less, and the 
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jamb 1% in. wider in size, than the rough stud. Where 
plaster-boards are used, this would be too wide; but in such 
a case the right allowance for the jamb would be made by 
determining the thickness of the wall finish. If the open- 
ing for the door is irregular in width—as for example, 2 
ft. 9 in—then it is advisable to mark the studs with the 
correct size of the door which is to be furnished, so that 
there will be no mistake made by the carpenter when plac- 
ing the jambs. 

When taking the size of closet doors, make note of this 
fact, since in most cases closet doors are only 1% in. thick, 
while others will probably be 1% in. The trim on closet 
doors should be noted, since it is frequently different from 
the inside in cases where there is a cabinet head finish on 
the outside. Also measure the openings for switchbox doors, 
which are usually made the inside size of the box. 

After taking doors, measure up the baseboards or base, 
taking closets separately, since in most cases they are dif- 
ferent. 

Next take the base blocks, if any are needed. Then cor- 
ner-beads, stating how long, for some corners will not allow 
of a regular 4-ft. stock head being used. Sometimes it 
happens that the corner is not at right angles, which must 
be stated, and the correct angle noted. 

In most cases there is a plaster railing inclosing the 
staircase on the top floor. If this wall is 4 in. thick, furnish 
a cap 5%4-in. wide, nosed on both edges, calculating a piece 
of molding the same kind as the base cap on each side 
of and under this nosed cap. These moldings should miter 
into the base cap. 

Next measure the closets for shelving and hook-rail. 

Then take steps and risers, nosing, and strings for the 
stairs leading down to the second floor. These are usually 
the box kind; also measure the wall rail. 

Second Floor. Proceed with the second floor in the same 
manner as described above. It often happens that this floor 
has different kinds of wood in the different rooms, the front 
room being oak or chestnut, the bedrooms cypress or pine, 
and the bathroom poplar. It is advisable to mark on the 
plans the various kinds of finish to be used in the different 
rooms, so that there will not be so much chance of making 
mistakes. If there is a bay window on this floor, take note 
of the width of the space between the frames at the angles, 
for in many cases the regular trim is not wide enough, 
and a special trim must be made for these angles. If there 
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is a window seat in this room, correct measurement must 
be taken of all angles, length, and depth, so that the seat 
will fit when sent to the job. ‘ 

First Floor. The first floor is usually the hardest to meas- 
ure up. Often there is a colonnade which joins into the 
staircase, therefore making accurate measurements neces- 
sary. If there is a paneled wainscot in the dining room, 
great care will have to be taken, or the panels will not 
fit. A circular bay window may also give trouble on this 
floor. If there is a paneled base or box seat, accurate 
measurement will be needed in this instance also. A definite 
plan should be used in taking measurements of this kind 
before proceeding. 

The staircase may require the making of sketches in 
order to take down the scheme so that the stair man can 
readily understand what is meant. The one making meas: 
urements should be able to make a fairly good sketch, 
either with instruments or freehand, since he is often re- 
quired to sketch outlines of some ornamental work that 
has many curved lines and moldings which must be dupli- 
cated exactly. 

The data should be explicit in every respect, so that the 
man who writes out the cutting list for the mill can under- 
stand it thoroughly without asking a lot of questions in 
regard to details. 

The plans and specifications for a job should be studied 
carefully before proceeding to take off interior quantities. In 
many cases, there are some changes made, either in the 
plans or in the specifications, which should be noted in the 
estimate or contract. This sheet of “extras” should be taken 
along with the plans, and a note made to see that there 
are no extras put into the job without being noted on the 
slips containing the measurements. 

A handy book to use in taking down quantities is one 
having loose leaves that can be removed and placed on file 
upon completion of the measurements. Sheets about 5 by 
7 in., and section-ruled are convenient in making sketches, 
and especially in taking measurements for staircases. A 
4-ft. rule and steel tape will prove useful in ordinary work. 


BILL OF MATERIALS 


In order to form an intelligent estimate of the amount 
of materials needed for a piece of work, the plans and 
specifications must be carefully examined, and an itemized 
list made of the different materials going into the structure. 
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Fig. 5. Bill of Materials for Frame Dwelling. 
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An example of a bill of materials used in connection 
with the frame house shown in Plate I and Figs. 5 and 6, is 
given. This house was built of white pine, with inside finish 
of yellow pine stained dark oak. The first floor is of hard- 
wood, with the exception of the kitchen. The cost of this 
house was $2,200—or $1,900, exclusive of heating, lighting, and 
bath. Following is a complete bill of all the material used: 


Timber, Lumber, Lath, etc. 


105—2x8x14 ft. No. 1 pine. 1—2x6x16 Sel. common S28. 
12—2x8x16 ft. No. 1 pine. 5—1x4x16 Sel. common S828. 
115—2x4x16 ft. No. 1 pine. 151% M. red cedar shingles. 
25—2x4x14 ft. No. 1 pine. 94%, M. common No. 1 lath. 
20—2x6x14 ft. No. 1 pine. 3,540 ft. No. 3 shiplap, 12- 
155—2x4x18 ft. No. 1 pine. 14-16. 
85—2x4x12 ft. No. 1 pine. 2,000 ft. No. 2 pine sheathing, 
2—6x8x14 ft. No. 1 pine. 12x14. 
2—2x6x16 ft. No. 1 pine. 1,800 ft. flooring maple, oak, 


400 ft. No. 1 common pine 
S2S, 1x10x16. 
300 ft. No. 1 common pine, 
$28, 1x6x16. 
5—144x10x12 C finish. 
2—14%4x8x12 C finish. 
38—114x6x12 C finish. 
22—1x8x16 Sel. common S828. 
2—1x12x14 Sel. common S2S. 
1—1x12x16 Sel. common 82S. 
16—1x10x16 Sel. common S28. 
5—1x6x16 Sel. common S828. 
8—2x4x16 Sel. common S2S. 


and yellow pine. 

200 ft. porch flooring, 7%x4x14, 
fir. 

1,900 ft. 4 in. sugar pine lap 
siding. 

600 ft. 5g in. yellow pine ceil- 
ing. 

253 ft. 334 in. crown molding. 

400 ft. 214 in. bed molding. 

200 ft. %x1%4 cove molding. 

200 ft. screen molding. 


100 ft. % quarter-mold. 


Window and Door Frames 


4 window-frames, 2-10x5-2. 

2 window-frames, 1-10x5-2. 

1 window-frame, 3-8x5-2. 

1 window-frame, 4-0x5-2. 

2 triple window-frames, 18 
x20, 2 light. 


3 frames, 20x24, 2 light. 
1 frame, 20x20, 2 light. 
2 outside door-frames, 3x7. 


1 outside door-frame, 2-8x6-8. 


Windows 


6—18x20, 
dows. 

2—18x28, 
dows. 

1— 26x20, 
dows. 


2-light D. S. win- 
2-light D. S. win- 


2-light D. S. win- 


1—40x28, 2-light D. S. win- 
dows. 

2—44x32, 1-light D. S. win- 
dows. 

4—30x28, 2-light D. S. win. 
dows. 


S-6°X 32-0" 


STORE ATISO 


Fig. 6. 
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8—20x24, 2-light D. S. win- 


dows. 


1—20x20, 2-light D. S. win- 


dows. 
4—12x16, 2-light D. S. win- 
dows. 


Doors and Trim 


1 front door, 3x7x1%, bevel 
plate glass 24x40. 

door, 3x7x1%. 

door, 2-8x7x1%. 

doors, 2-6x7x1%. 

doors, 2-4x7x1%%. 

door, 2x7x13%. 

doors, 2-6x6-6x1%. 

doors, 2-4x6-6x1%%. 

door, 2x6-6x1%4. 

door, 2-8x6-8x1%. 

door, 5x7x1%4. 

door-jamb, 8x7 ft. 
door-jamb, 5x7 ft. 3 in. 
door-jamb, 5x7 ft. 5 in. 
door-jamb, 5x7 ft. 5% in. 
door-jambs, 2-8x7 ft. 514 in. 
door-jambs, 2-6x6-6 ft. 5% 
in. 

428 ft. base molding, No. 8420. 
428 ft. base, No. 8421. 
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428 ft. shore, No. 8422. 

560 ft. casing, No. 8310. 

280 ft. embossed molding, No. 
8413. 

204 ft. cap molding, No. 8410. 

180 ft. head casing, No. 8411. 

180 ft. fillet, No. 8395. 

50 base blocks, No. 2273. 

48 ft. window-stool, No. 8267. 

72 ft. window apron. 

456 ft. window-stop, No. 8095. 

4 porch columns, 8x8 ft., No. 
1161. 

2 colonnade posts, 5 ft. 6 in. 
base. 

50 balusters, 134x24 in., No. 
2151. 

1 1%4x8 ft. yellow pine. 

1 1x10 in. x 16 ft. yellow pine. 

3 cupboard doors, 1-8x4 ft. 

2 cupboard doors, 1-8x2-6, 


Foundation, Plaster, and Chimney 


9 cords stone. 

96 cement blocks. 
47 sacks plaster. 
8 yds. sand. 


11 bbls. lime. 
1 bbl. cement. 
1,100 brick. 


Hardware 


100 lbs. 10 d. wire nails. 
122 lbs. 8 d. wire nails. 
107 lbs. 20 d. wire nails. 
9 Ibs. 6 d. wire nails. 

62 lbs. 3 d. gal. wire nails. 
57 lbs. 3 d. fin. nails. 
12% Ibs. 10 d. casing nails. 
53 lbs. 8 d. casing nails. 
23 Ibs. 8 d. fin. nails. 

25 Ibs. 7 d. box nails. 

18 inside door lock sets. 


1 single sliding-door outfit, 5 
ft. opening. 

1 single sliding-door lock set. 

1 doz. cupboard catches. 

1 doz. sash-locks. 

1 doz. drawer-pulls. 

18 prs. door butts, 314x314. 

1 doz. fancy box hinges. 

3 doz. window springs. 

1 pr. shelf brackets, 8x10. 

1 pair shelf brackets, 10x12. 
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12 doz. % screws. 2 stovepipe thimbles. 

2% lbs. 1 in. brads. 7 10 ft. lengths eaves trough. 

27 ft. valley tin, 14 in. 4 pieces outlet. 

32 window tins. 6 end caps. 

176 tin shingles, 5x7. 8 eaves-trough elbows. 

19 8-ft. lengths ridge-roll. 3 doz. eaves hangers. 

50 wire screen, 24 in. 5 pieces conductor pipe, 8 ft. 

50 wire screen, 32 in. 2 bundles sash-cord. 

2 sereen doors, 3x7. 200 lbs. window weights. 
Painting and Oiling 

2% lbs. putty. 7 gal. linseed oil. 

1 lb. steel wool. 2 gal. turpentine. 

Ib sheets sandpaper. 7 gal. outside white paint, 


1 gal. floor oil. : " 
1 gal. floor varnish. prime and trim. 

3 gal. interior varnish. 4 gal. yellow stone paint for 
4 pints burnt turkey umber. body. 


Total cost of labor, including stone work, plastering, 
painting, oiling, carpenter, and excavating, $500.00. 


COST OF FRAMING 

Table XIX shows the cost of framing in different parts 
of a building, and states the amount of material needed for 
different spacing of members. The quantities and costs 
given are on the basis of 100 sa. ft. of surface of structure. 

Table XIX is based upon labor charges at 40 cents per 
hour, or a charge of $8.00 per 1,000 ft. board measure for 
outside walls, ceilings, and floors; $9.00 per 1,000 ft. for 
partitions and plain roof framing; and $10.00 per 1,000 nts 
for complicated roofs, hips, and valleys. 

In this table, no allowance is made for sills and girders 
in the framing for floors, since sills and girders are not 
always required. If it is necessary to figure for them, they 
can be readily figured by the linear foot. A 6 by 6-in. tim- 
ber has 3 ft. board measure per linear foot; a 6 by 8-in., 4 
ft.: an 8 by 8-in., 5% ft.; and the number of linear feet 
can be very readily found from any plan. Then the linear 
feet of the timber, multiplied by the board feet per foot, 
will give the feet board measure in the timber. This, mul- 
tiplied by $8.00 per 1,000 feet, will give the cost of framing 
the same. 

In the matter of partitions and outside walls, allowance 
has been made for plates, for it is always necessary to have 
these. Some allowance has also been made for waste in 
cutting. 
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In figuring by this method, if one has the lumber bill 
made out so that he knows the amount of lumber to be 
framed, he can strike an average price per 1,000 feet, ane 
figure the cost very easily and quickly. 

Again, if the contractor does not care to take off the 
number of board feet of material, he can measure up the 
number of squares in a very few minutes, and ascertain 
the cost of labor by the square. He can also find the feet 
board measure by the square, and, from this, find the cost 
of material without the necessity of making out a Dill. 
This method will be found handy in making estimates. 

If carefully followed, this method will give the cost ap- 
proximately correct. Then, if the estimator gets the job, 
he can make out the bill at his leisure, for the bill has 
to be made out for the lengths of lumber called for by 
the plan; but this detail is not necessary to determine the 
cost of the framing. 


TYPICAL ESTIMATE FOR A FRAME HOUSE 

The following estimate for a frame house is given as an 
example of the method to be followed in arriving at the 
probable cost of a piece of work. The plans of the building 
are shown in Figs. 7 to 10. 

Specification 

A brief specification for this design includes the follow- 
ing: Foundation walls and porch piers, up to level of first 
floor beams, are to be local stone 18 in. thick, laid up in 
Portland cement mortar. Cellar floor to be 2-in. Portland 
cement concrete. 

Chimney to be brick, lined with 1-in. fire-clay tile. 

Framing timber is to be all spruce, as follows: Girders, 
8 by 12 in.; sills, 4 by 6 in.; studs and second floor ceiling 
beams, 2 by 4 in.; hips and ridge, 2 by 10 in.; rafters, 2 by 6 
in.; sheathing, % by 6 or 8 in., tongued-and-grooved spruce; 
siding, from water-table to belt-course, 6-in. beveled siding; 
shingles, from belt to roof, cypress shingles; floors, % by 
3% in., tongued-and-grooved N. C. pine; exterior trim, all 
cypress (as detailed); interior trim, all cypress (as detailed) ; 
dining-room mantel, to be Colonial brick. 

Plastering to be good-grade wall plaster. 

House to be heated with hot-air furnace having separate 
pipe to each room. 

Plumbing. Bathroom to have basin, closet, and bath. 
Kitchen to have sink, 2-compartment stone tubs, and small 
range. All fixtures to be porcelain enamel. Boiler to be 
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Fig. 7. Estimate on Frame House, 
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— Srae - Kove Kom 
Fig. 10. Estimate on Frame House. 


$5-gallon galvanized iron. Water system throughout to be of 
S%-in. galvanized iron pipe. 

Gas-Fitting. House to be piped with 14-in. pipe, with out- 
Tet for each room and cellar. 

Metal Work. All roof shingles to be metal of standard 
approved make. Gutters to be galvanized-iron troughs with 
adjustable hangers. Leaders to be 3-in. corrugated galvanized 
iron. 

All exterior woodwork (except wood shingles and soffits 
of roof) to have three coats of paint. Wood shingles to be 
stained. Soffits of roof to be varnished with two ceats of 
spar varnish. Metal shingle roofs to have two coats of paint 
of dark tile color. 


Estimate of Cost 


Excavation Labor Material Both 
150 ‘qu. yas: at S0GS Seek eee $45.00 
Footings 


(Concrete) 10 cu. yds.; Propor- 
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tion 1:2:4: Bbls. cement in 1 


"ego f) Be Pe Ee ea oe $3.00 
TSDIGA GAMO TVS cues opsb cog Py 5) 
Bhis) | sravels 6. cicess x02 2.00 
COS Of 1 CH Fs dds cecces $5.75 


Labor, at $1.08 per cu. yd. 


Stonework—37 perches 
TEDSTER SIONE Abc oss 2 .cies $1.25 
% bbl. cement, at $2.00.. 1.00 
1/6 load sand, at $1.75.... .29 


Material cost, 1 perch.... $2.54 
Material cost, 37 perches....... 
44 GAY, MASON... .ccsccccce 1.83 
¥% day laborer, at $2.00.. .50 


Labor cost of 1 perch..... $2.33 
Labor cost of 37 perches...... 


Bluestone— 
5 window-sills 4 ft. by 4 by 10 
{5+ at! G0c* per: f£.502>- $12.00 
1 window-sill, 2 ft. by 4 by 10-in., 
at 60c per ft..... es Boe 1.20 


Labor setting, at 10c a ft...... 
Chimney and Fireplace— 
4,000 brick— 
Cost of labor, $9.00 per M.... 
60 ft. 8 by 12 in. flue lining at 
Mik Gee AO Ou Py ee La Ee ORC. 
ChimneyCAD 5 o- -s so plees+ce sees 
Colonial brick mantel.........- 
Cellar Floor— 
(Portland cement concrete) 56 
sq. yds., at 60c.......---+-++- 
Girder Columns— 
4 3in. concrete-filled pipe col- 
SITNS eo ie ee oon ciation «Aine 
Lathing and Plastering— 
586 sq. yds., at 40c.....-...-.- 


Labor Material 


$86.21 


$2.20 


$36.00 


$2.00 
$1.00 
$9.00 


$11.20 


$3.00 


$147.00 


$57.50 


$93.98 


$13.20 


$39.32 


$13.20 
$6.00 
$20.00 


$22.40 


$6.40 


$88.00 
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Beth 


$68.30 


$180.19 


$15.40 


$126.52 


$33.60 


$9.40 
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Sheet Metal— Labor Material Both 
105 ft. 3-in. leader at 15c..$15.75 
5 ClDOWS, (abo 0Ce ectes we err 1.50 
50 conductor fasteners.... 1.00 
Te6efUs 2 1s SULCCR haeteeietete 24.00 
75 shanks and troughs.... 4.00 
Nails ico. se seceercnteente LCD 
$47.95 $30.00 $47.95 
Mashing? fuss cnc ase eee oes $5.00 $5.00 
Metal shingles, 12 sq., at 
$5. OO} Weta chelates ote Memes $60.00 
130 ft. hip and ridge roll, 
OUAT CH sh, a ccrels anslanere serena 9.10 
$69.10 $69.10 
Labor, at $2.25 per sq>......... $27.00 
Total for sheet metal...... $184.05 
Heating— 
Steel furnace ............ $50.00 
Piping, cold-air box, and 
registers, | hivan-ccc aera 40.00 
$90.00 $90.00 
Labor 6c. acters eae 6 $30.00 $120.00 


Plumbing and Gas-Fitting— 


Gas (fixtures | accep $25.66 
1 2-section stone tub..... 25.00 
1 range with 24-gal. boiler. 60.00 
1 18 by 24-in. porcelain 

enamel sink with drain- 

DOS, MeN eiteiskos, cates 27.00 
1 porcelain enamel basin.. 20.00 
1 porcelain enamel  si- 


phonlewclosetmecesoseee 23.00 
1 4 ft. 6 in. porcelain enam- 
el) bathtubioen eae eee 30.00 
Pipes and fittings........ 40.00 
$250.66 $250.66 


TA DOT Ec cceterteremisiertrene $125.00 . $375.66 
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Carpenter Work— Labor Material 


34 ft. girder, 8 by 10-in., 114 bd. 
fits 113) ft. sill} 4) by 6-in.; 226 
bd. ft.; 113 ft. plate, 4 by 4-in., 
151 bd. ft.; 8 posts, 4 by 6-in., 
22 ft., 352 bd. ft. Total, 843 
bal ft ac S30) per) Biot. ccc. ores s 

Labor, at. Si2qper Ma... oo6 ss nse 


Floors—Cost of a square of flooring: 


Joists 2 by 10-in., 16 in. 
O. C., equals 127 bd. ft., 


Gheet 27) Mae Pens? 7 PRIeerER Oe $3.75 

NSA DOT Mae eorereve'o:efetsvele aisls-cie jore 1.50 

IN GUEST de tscote cv ebeh sess) ailenanekin: Sister ef 10 

Flooring, 100 ft. N. C. pine 

BESSOG Pare da oelew cieiier fase 5.00 

Waste, % of stock........ 1.67 

WUADOVE seins tee Os eiecie Gieia.ci tise 1.50 

Naitscar Ib: ats 4G.. co. «cess 20 

HOUAL Pe Det Sd eee ee cies $14.22 

Total squares first and second 

floor, 10 sq., at $14.22........ 

POV HOOT met Same BO Nate erste sles sialic’ 
PROOF — CORT IL ZW EO) sors.e cle role sic oe 6:80 evens 
Side Walls— 

US pee Cea, ALD. Oiiiets eovssetersysieie ss oilers 
Siding and Paper— 

DEES Cskect lames cet cusetoyevsrolstenekslvielens) «sus 
Shingles and Paper— 

SrrSQent AU POsD erates sccleiers susvetekats elses 
Weel Srp clliteyepy enboooboaseatsounoe 
Millwork—6 cellar windows........ 
Windows—First and second floors: 

Window-frame <.56-2 00-6. $1.20 

Sashesin cerry ee ccereiters tes tebe 1.75 

SVWIOL 21 Clarice) aiessuevaienaye eter sverareveus 08 

SASH-CONG Merstereresiaisisiete mistseress tae 

Sash-fast ..... ale rateseloleraceusrccers 25 

TNSIGORCASID Sie acssterseicisiesc srs .70 

SLOD-DEAdS tyerayslctelstelsienerers note. ahs 

Babor) 8) hrsig43 94 Corcsicie scl 3.50 

Cost window in place ...... $8.26 


22 windows, at $8.26........ 


$25.30 
$10.20 
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Both 


$35.50 


$30.00 $112.20 $142.20 


4.50 16.83 
70.00 96.80 
54.00 117.90 
20.00 45.00 
17.60 34.40 
16.00 20.00 

3.00 17.10 


21.33 
166.80 


171.90 
65.00 
52.00 


36.00 
20.10 


$77.00 $104.72 $181.72 


182 RADFORD’S ESTIMATING AND CONTRACTING 


Doors—Cost per door: Labor Material Both 
Door, 2 ft. 6 in. by 6 ft. 8 in. 
by dd4 In, pric@. ase. $2.40 
FOPAMON fos cite crete = 2 ek wteeresek 1.00 
Casings” ccs. vom peers doe 
‘hreshold J.c..sce2 eee eee 5 
IN@LI BM ees sista ce caterer .05 
Hardware... cs cc ace see 1.25 
Labor, 8 hrs., at 43%c..... 3.50 
Cost of door in place...... $9.68 
L5sdoors;, at ($9.GSineeimee eis ee $52.50 $82.70 $145.20 
Eronts DOOLEY. ..cs cess Tee Roemer 4.00 18.73 22.73 
Matnestalrs occ cause eee ee oe 15.00 20.00 35.00 
Cellarastalrs ey sewers so). eemelcieie antes _ 5.00 7.40 12.40 
Porchistairs v.00....os eis eo ee ee es oe 5.00 7.00 12.00 
Porch columns—4 at $8............. 8.00 24.00 32.00 
Porch pilasters—2 at $6............ 4.00 8.00 12.00 
Porchibalustradeu. acc ee a oeeeeeee c 3.50 3.50 7.00 
Porchiceiling men. chic eens 8.00 7.00 15.00 
Porch cornice—39 ft. at 75c........ 8.00 22.00 30.00 
Maln-roofscornices..jcesesec case. 23.00 64.00 87.00 
Belt-course—85 ft. at 15c........... 5.00 7.75 12.75 
Water-table—85 ft. at 15c.......... 5.00 7.15 12.75 
Lattice—42 sq. ft., at 15c........... ‘ 3.30 3.00 6.30 
Corner-boards: 0... cssc ence merece 5.80 5.00 10.80 
China sclosetinccy. csc cermin cock 10.00 10.00 20.00 
Picture mold—225 ft. at 5e.......... 3.00 9.25 12.25 
Base—3s00fts atel0ce fo. cee ee eee 15.00 15.00 30.00 
Patnting etcccen:e tactics etek otek 160.00 40.00 200.00 
Summary 
HxCavationl “0.5. te cee gee Ree ee et ee $ 45.00 
MAaSONLY ! occ cre cau eater he PRE Se oa eC ee 433.41 
Carpentry, and: hardwarees sneer eee eee od 407% 
Sheet-metal™ works. acre eee eee eee 184.00 
Plastering cis Fos wake ROO Se ee ee 235.00 
Plumbing Vand eas-fttine aa eee errr eee 375.56 
Heating shot-airT aie. none me eee eee ee eee 120.00 
Painting os iaic Qeisre «erg cree PRET eke ee 200.00 
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FORM FOR ESTIMATING CARPENTRY WORK 


A form of estimate, arranged in systematic manner and 
complete in details, is of great value in determining the cost 
of = given piece of work. A form of this kind is reproduced 
pelow (pages 184-7). 

The prices given for material and labor must not be con- 
sidered as applying in all instances and locations, but will 
serve to show how such a form should be filled out in a sim- 
ilar estimate. Items may be added to or omitted from the 
list given as the work at hand demands. The scheme is 
intended to show a complete and systematized method of 
estimating carpentry, and the different branches usually com- 
prised in the carpenter’s bid. 


WOOD FLOORING 


Wearing Quality. The comparative life of the various 
woods used as flooring, under ordinary conditions, is indi- 
cated as follows, the fioor of longest life being mentioned 
first: 

1st, maple; 2d, beech and birch; 4th, oak, quarter-sawed; 
5th, yellow pine, quarter-sawed; 6th, fir, quarter-sawed; 7th, 
oak, plain-sawed; 8th, yellow pine, plain-sawed; 9th, fir, 
plain-sawed; 10th, Norway pine; 11th, white pine. 


Maple, Beech, and Birch Flooring 

Grades. After years of experience, the manufacturers 
have found the designations: Clear (for the first grade), 
No. 1 (for the second grade), and Factory (for the third 
grade), to be the most convenient and satisfactory to use in 
the manufacture, grading, and sale of their products; and 
architects are recommended to employ these established 
trade names in their specifications, in order to avoid dis- 
putes and misunderstandings. These grades should be re- 
ferred to as Association Grades. 

Clear has one face free of all defects that will impair its 
general appearance and durability; but the question of color 
and mild discoloration is not considered, and an occasional 
slight discoloration caused by the cross-piece used in piling 
the rough lumber during the process of air-seasoning is not 
classified as a defect. 

No. 1 admits of tight, sound knots and slight imperfec- 
tions in dressing, and the more prominent discolorations not 
admitted in the grade of Clear; and lays without waste. 

Factory is of such a character as will lay and give a good 
serviceable floor for factory, warehouse, and kindred uses, 


(Continued on page 187) 
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Uses of Standard Grades. Clear, or first quality, is suit- 
able for apartment buildings, churches, clubs, dancing floors, 
gymnasiums, hospitals, hotels, office buildings, public build- 
ings, residences, roller skating rinks, schoolhouses, stores, 
and similar buildings. 

Number one, or second quality, is a common grade. It is 
just as serviceable as clear, and equally as desirable when 
there is no objection to the appearance. It can be used in 
the same class of buildings as the clear grade, at a con- 
siderable saving in the cost of construction. 

Factory, or third grade, is for use in factories, creameries, 
granaries, mills, warehouses, workshops, and in similar build- 
ings where a low-priced floor is desired and where great 
wear is likely to occur. 

Thickness and Face Widths. The Maple Flooring Manu- 
facturers’ Association issue the following list of thicknesses 
and face widths for maple, beech, and birch stock: 


Thicknesses and Faces of Maple, Beech, and Birch Matched 


Stock 
Standard Thickness Faces Grades 
137107 Lt 2" eo Baer Clear, No. 1, 
Factory 
Special Thicknesses Clear, No. 1, 
1-1/6" 1-5/16" 1-11/16" 2” 214” 3” Factory 
36” We i” 116” 2” 214" Clear and No. 
; 1 only 
uy" 5B” 1%” 2” 244" Clear and No. 
1 only 


a 
Standard Measurement 


58” and thicker, all faces, is measured 34” waste for 
matching. ; 

4%” and thinner, all faces, is measured %4” waste for 
matching. 

Jointed flooring is measured as the rough lumber from 
which it is made, %-in. being added to the face for waste 
in ripping and dressing to size. For example, TS /UGGs Noe 
3% in. is measured 1 in. x 4 in. 

To Ascertain Quantity of Flooring Required. To ascer- 
tain the number of feet of flooring required to cover a 
given area, find the number of sq. ft. of floor space to be 
covered, and add thereto the following percentages: 
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Matched Stock %” and 13/16” Thick 3g” and 1%” Thick 


1%” face flooring 50% 33144% 
2” face flooring 37144 % 25% 

24%,” face flooring 33144% 22144% 
3%” face flooring 24% not made 


Uses of Different Thicknesses and Faces of Flooring 
The 13/16-in. thickness of maple, birch, and beech flooring 
is most commonly used. This flooring can be laid 
directly on the joists, or on strips embedded in ce- 
ment when the latter is used for fireproofing; but is more 
frequently laid on a subfloor. For ordinary purposes a sub- 
floor of softwood boards laid diagonally is sufficient. These 
boards should be surfaced on one or both sides. This sub- 
floor may be used for the work floor during the progress 
of construction, and the hardwood floor should not be laid 
until the building is dry. 

In the case of warehouse or factory floors where greater 
strength and slow-burning construction are required, the sub- 
floor should be made of matched softwood boards 1%-in. 
thick. 

If a floor is to be subjected to extraordinarily hard wear, 
a thickness of 1-1/16 in. is often used instead of the 13/16-in. 
hardwood flooring. The 13/16-in. thickness is suitable for 
ordinary purposes. 

The 14-in. thickness of flooring is suitable for ordinary 
foot wear, and is used in apartment buildings, churches, 
clubs, offices, and similar buildings. It costs less than the 
13/16-in. thickness; and if the subflooring is uneven, the 
1%-in. thickness will produce more satisfactory results than 
the %-in. 

The %-in. flooring is the most popular thickness under 
-13/16-in. The sides and ends of the flooring are matched 
so that it can be laid with the nails entirely concealed. It 
is suitable for residences, apartment buildings, churches, 
etc., where appearance and service both count. A cheaper 
grade of 13/16-in. maple or beech flooring makes an ideal 
subfloor for the %-in. thickness. 

Faces. The 13/16-in. and %%-in. types of flooring are 
usually preferred in the 2%4-in. face, while the 114-in. face 
is preferred in the %-in. thickness. Narrower faces re- 
quire a larger quantity of flooring to cover a given area, 
and the labor cost of laying is greater; but the resulting 
flocr is worth the additional investment when appearance 
is desired. The wider faces usually cost less for material 


and labor. 
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Lengths. The standard lengths in the different grades 
of flooring as put out by the Maple Flooring Manufacturers’ 
Association are as follows: 


CLEAR—2 ft. to 16 ft. May contain what 2 ft. to 3% ft. 
the rough lumber produces, up to 10 per cent. 

NO. 1—1% ft. to 16 ft. May contain what 1% ft. to 3% 
ft. the rough lumber produces, up to 25 per cent. 

FACTORY—1 ft. to 16 ft. May contain what 1 ft. to 3% 
ft. the rough lumber produces, up to 50 per cent. 


Architects will find it more advantageous to specify and 
use the standard run of lengths in the different grades, 
instead of special long lengths, because lengths selected 
4 ft. or 6 ft. and longer are much more expensive, without 
compensating benefits. 


Weights. Approximate weights of maple, beech, and birch 
flooring, per thousand feet board measure, for use in esti- 
mating loads, may be taken as 2,100 pounds for 13/16-in. 
thickness; 1,800 pounds for %-in., and 1,200 pounds for %-in. 


Nails for Hardwood Floors 
It is necessary that proper nails be used in laying hard- 
wood flooring, in order to prevent splitting the tongue and 
bruising the face. The Maple Flooring Manufacturers’ Asso- 
ciation suggests that the best results are obtained by using 
the following nails and spacing: 


3-d. finishing nail for %-in. thick, used 9 in. apart. 

3-d. bung-head casing nail for %-in. thick, used 12 in. 
apart. 

4-d. bung-head casing nail for 5€-in. thick, used 12 in. 
apart. 

8-d. cut flooring brad for 13/16-in. thick, used 16 in. apart. 

10-d. cut flooring brad for 1-1/16-in. thick, used 16 in. 
apart. 

16-d. cut flooring brad for 1-5/16-in.’ thick, used 16 in. 
apart. 

16-d. cut flooring brad for 1-11/16-in. thick, used 16 in. 
apart. 


The 8 and 4-penny are wire nails, and, on account of the 
small gauge and medium length, are best adapted to thin 
flooring. The 8, 10, and 16-penny are steel-cut nails, manufac- 
tured especially for laying hardwood flooring. 


a a 
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Oak Flooring 


The grades of oak flooring are generally divided into 
clear, quarter-sawed red or white, for use in high-class resi- 
dences, hotels, apartments, and club houses. 

Sap clear, select, quartered red or white, substituted for 
clear quartered where a dark finish is desired. 

Clear, plain sawed red or white, for use in high-class 
residences, hotels, apartments, etc. 

Select, plain-sawed red or white, for use in medium-priced 
residence, hotels, schools, etc. 

No. 1 common, for use in cheap dwellings, stores, fac- 
tories, etc. 

Factory, for use in warehouses, cheap tenements, etc. 

The standard thicknesses and widths of oak flooring are 
as follows: 13/16-in. thickness in 114-in. face, 2-in. face, and 
2%4-in. face; %%-in. thickness in 114-in. face and 2-in. face. 

In using oak flooring, the 1%-in. face makes a better, 
more serviceable, and handsomer floor than any other width. 
The shading of the figure of the wood may be blended to 
better advantage than when wider strips are used. The 
laying waste in the '13/16-in. by 1%-in. face is less than 
that with the 2-in. face, since in the 1%-in. face %-in. is 
counted for the tengue and groove, whereas in the broader 
widths %-in. is counted. The cost per thousand is less 
than in the wider widths, which offsets additional cost for 
labor and laying. 

The 2-in. and 2%4-in. faces are the widths more com- 
monly used in 13/16-in. thicknesses; while in %-in. thick- 
nesses, either 114-in. or 2-in. face is used as the conditions 
demand. 

To Ascertain Quantity of Oak Flooring Required. For a 
given floor area, multiply the width of floor by the length 
to find the number of sq. ft.; then add the following per- 


centages: 
Bole GMOs Rett maistetcb tele scleiels sles! sets 13/16”x1%” 
RUSE: SHON” 23 Sodio ob. DOM mOmOOOr SiG ex 20 
SB ah Gd Olteetayete/ hey Mate aticliohs'rel oYellarete el 13/16”x214” 
SOU e om LOlmernte leleutcis iste slolei steers! sichatete 367x114" 
VARY S SRO Be Cio WOU, G0 OOOO OLO-OT 36"K2" 


The above figures are based on laying flooring straight 
across the room. "Where there are bay windows or other 
projections to be cut around, allowance should be made for 
this cutting. 

Tables XX to XXI, as compiled by the Nashville Hardwood 
Flooring Company, will be of use in determining quantities. 
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13/16 
13/16 
13/16 
13/16 


wn 
Ww HM Ph eM OP OM 
wo 


% x 1% 
3% x 2 
%x 2 
% x 2% 
18/16 x 1% 
7138/16 x 2 
13/16 x 2% 
18/16 x 3 
§ x 1% 
3% x 2 
%x 2 
% x 2% 
13/16 x 1% 
13/16 x 2 
13/16 x 2% 
UBVANS 2:6 
7On 2 in. 
1-1/16 in. 


special orders. 


in 


in. 


. face 
. face 
. face 
. face 


in. face 


. face 
. face 
. face 


. 16 pieces 
. 16 pieces 
12 pieces 
. 12 pieces 
8 pieces 
8 pieces 
8 pieces 
6 pieces 
Change Surface Measure to Strip Count 
cent... 
cent... 
cent... 
cent... 
cent... 
«RO 
cent... 
cent... 


TABLE XX 
Sizes and Methods of Bundling Oak Flooring 


add 33144 per 
add 25 per 
add 25 per 
add 33% per 
add 33% per 
add 37% per 
add 3314 per 
add 162% per 


Rules for Figuring 
Each bundle has the length stamped on it. After securing 

the linear feet bundle measure, use the following rule: 

To Secure Strip Count 


cent.. 


eeeee 


steer 


eeeee 


eee eene 


seeee 


es eeee 


eee ee 


Counted 1 x 2 


in. 


Counted 1 x 2% in. 
Counted 1 x 2% in. 


Counted 1 x 3 
Counted 1 x 2 


in. 
in. 


Counted 1 x 2%4 in. 


Counter 1 x 3 


in. 


Counted 1 x 3% in. 


.to 
.to 
.to 
.to 
.to 


.to 
.to 


surface 
surface 
surface 
surface 
surface 
surface 
surface 
surface 


Oak Flooring 


measure 
measure 
measure 
measure 
measure 
measure 
measure 
measure 


The dereisabe AaLsokas eens 2 Vee multiply by 2%4 
TT cic rcutetoctpeebe we a,c hvcaietae ole “ “  3t6 
in. «“e “ 2% 
pHi es are aM 5 Se RR Te S ees 5 
Ins Teoiis Sos w MARIO Ise sis Pontitys etek = “1% 
INL 5.56 “hhesto es bede eatetons Seeker Oe ee ‘ Sac? 
1b ae SORES Soe hh ae = . Sees 
INA < dct Sawer Sates s owes CUA IOe s PLS Ai 
To Secure Face Count 
YY Satie aiaeces haem ake eieve ie teers ete =e LN 2 
AID, codnes Pe nye encvose Minds eavueccien cadens - “« 2% 
ATUTE tate co ssiecseauses ier eilesias'e 6 oc ieterecn ste ye Cee 
FRNA eais Reser cee teteas cose osteas eeeck ero $ EE 
DTDs sis topea dh once pereeiere Bot caste soot cc oes eens gh | 
LOE Ae Re Ry ain SIP OSG Hee eth | 1% 
Lhe RPA CIR SRO EASES Sah As. SWIG 
TWN Mesconcs Sylar tetera tee Pea otc chalenid EArt se “1% 


face, after multiplying by 2, deduct 1-12. 
and_1% in. worked in 2% in. and 8 in. face on 


for 1-1/16 in. and % for 1%% in. 


Figure as you would 18/16 in., adding 4 


ae tai 
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TABLE XxXI 
Weights of Oak Flooring 
5/16. in) parduetry. strips... .c.o.s +s. 1,200 Ibs. per 1,000 ft. 
% in. tongued-and-grooved ......... 1,000 Ibs. per 1,000 ft. 
¥% in. tongued-and-grooved ......... 1,200 lbs. per 1,000 ft. 
5% in. tongued-and-grooved ......... 1,500 lbs. per 1,000 ft. 
13/16 in. tongued-and-grooved ......... 2,200 Ibs. per 1,000 ft. 
13/16 x 3 in. tongued-and-grooved...... 2,400 lbs. per 1,000 ft. 


ESTIMATING COST OF FLOORS 


A method of forming an estimate on the cost of floors 
per square of 100 sq. ft. is shown in the following outline. 
The prices for material are put in merely to indicate the 
scheme to be followed, while the labor is based on a wage 
of 40 cents per hour. A similar estimate could be made for 
any given locality. The floor estimated has 6 by 8-in. sills 
and 2 by 8-in. joists spaced 16 in. on centers. 


Estimate for Floor 
Material. Labor 


HMramine Tum Der, espe tes ALL OLD delerierelerc«aieieieeiere SA3337, $1.00 
Rough floor, laid diagonal, 120 ft., at $25...... 3.00 — 85 
Yellow pine finish floor, 4 in., 125 ft., at $38.. 4.75 1.80 
SMOOLMINEAILD,  LADOL Roaeictaens se theod ciete oer ie eines ates aay és} 
INALIS Str ie. cc cndc14.sege axshasecisone.ocolonie tore: dueeava "er ov wees 50 tame 
Paper between rough and finished floors...... .25 10 
sy at 

TOCSY face frets istsscsteheto B oueetonedtePoke On eis se1e weep ete $11.87 $5.50 
Totalsmatenial Mand Ma DORs ascetics sere siecle tet leteie oes ate o $17.37 


A bid based on the above estimate might range from 
$17.00 to $18.00.- ° 

It will be noticed that 120 ft. is figured in the rough 
floor to cover 100 sq. ft. The rough floor may be of 8-in. 
shiplap; and in such case one-fifth is added to make up for 
loss by waste in cutting. With the finish floor, one-fourth 
is added for the matching and waste in cutting. 

The question might arise now, how much should be added 
to the above figures if the finish floor should be a 2%-in. 
face oak floor, smoothed by scraping. The result is as 


follows: 
Material Labor 


135 ft. % by 2%4-in. face oak flooring at $80. ..$10.80 $3.00 
Sharoyeiobhaes” ge, Jelena. cece S46 dodua ot acd UnboOae Rees: 2.75 


——y 


PR OCU iar crete cxelott scl e eve [etaleie oie eyeiel si cjatstel ele evel’ $10.80 $5.75 
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Now, the cost of the pine floor was $4.75, making a 
difference of $6.05 a square in the cost of the flooring 
material. The cost of laying and smoothing the pine floor 
was $3.55, making a difference of $2.20 in the labor. This 
makes the total difference for material and labor $8.25 per 
suare, the amount necessary to add for oak floors well fin- 
ished up. This is equal to about 47 per cent of the total 
cost per square of the pine floor, and would bring the total 
cost of a square of oak floor up to $25.62. 

The above figures are perhaps a little high, and it would 
probably be safe to figure at $25 for the square, or about 
40 per cent more for the finished oak floor than for the 
pine. : 

None of the above figures include the filling and var- 
nishing, or the profit for the contractor. 


TABLE Xxil 


Allowable Floor Loads in Accordance with the Building Laws 
of Various Cities 


cin Bee Be E 

LivE LoaDs f0R FLOORSIN DIFFERENT) ps | & 48a] 8 3 
3 j ; s oS | Sse] 38 5S 
CLASSES OF BUILDINGS EXCLUSIVE OF} BR | 2S om | BS | sas 
THE WEIGHT OF THE MATERIALS OF| & S Ay mi tne 


CONSTRUCTION, _ 


Pounds per Square Foot 


—_—_—_—_——_———————— 


Dwellings, Apartment_Houses, Hotels, 
Tenement Houses or Lodging Houses. 60 40 70 50 60 
Office Buildings, (Ist floor)..........66..] 150 100 100 100 150 
Office Buildings, (above Ist floor).......| 75 100 100 100 15 
Schools or Places of Instruction........| 75 80 5 
40* 
100t 78 
Buildings for Public Assembly.........] 90 100 120 150 125 
Buildings for ordinary stores, light 


Stables or Carriage Houses..........0+-- 5 


manufacturing, and light storage..... 120 100 120 120 
Stores for Heavy Materials, Warehouses 
and Factories ......... wsedeoetieveneuceepic JOO 150 250 250 


Roofs—(Pitch less than 20 degrees).....} 50 25.) 30 24} 650 
Roofs—(Pitch more than 20 degrees)....| 30 25 30 2g 30 
Sidowalks,.ccisaurecone eset weeecue come ME BOO 800 
Public Buildings except Schools........ 150 


*Stables less than 500 sq. ft. in area. 
{Stables over 500 sq. ft, in area. 
{Make proper allowance for wind at 30 lbs. sq, ft. hori- 
zontal. 
ESTIMATE AND DETAIL OF CORNICE 


A large number of houses are now being built with a 
wide cornice similar to that shown in Fig. 11. It is quite 
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important that the carpenter and contractor should know 
somewhere near the cost of construction in such work. The 
following outline shows the method of figuring the material 
‘and labor separately, and in such a manner as to enable the 
contractor to arrive at approximate prices to suit his own 
locality. The moldings are taken from the Universal Molding | 


Book, and the numbers and sizes are the same throughout 
the United States. 


Fig. 11. Lumber Cornice Construction. 


The object in the following outline is to figure this cor- 
nice by the linear foot, so that a contractor, in estimating. 
can find the linear feet of cornice the building will require, 
and then in a very few minutes find the quantity of each 
kind of material, and what the labor will be worth. 

Wages will be figured at 40 cents per hour, but, if differ: 
ent in any locality, a proportional amount may be added or 
subtracted from the cost given here. 
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Estimate for Cornice. 


Gutter cap; per linear foot. .............5.. $0.01 $0.0114 
Bottomvand) side. piecessnchr. sce mc ce view ee .02 .03 
CrowiiMold:-ag.ch athe tee oe ei eke cide roetemeS 02% .02 
Plancher, 9 boards % by %-in. ceiling...... 07% 10 
Bede Molds viz he ce ete: cutest te balan tater chaloperel oeneteieae 0134 01144 
Nrieze: (2p pleCes2...a ae cons he ee ce reams 0714 .05 
Band ? mold: sitesasictak ape etiee oo clea wise aie ete 01% 01 
Gatton? chim is cycs'o ae ereteete tes Oe rie os ateeletaieie oie nae etek 
MOAI Ae ers singtale hier es ee econ See pee $0.40 $0.238% 
Total, per linear foot, material and labor........:....$0.63% 


Example—For a square house 24 by 30 ft. in size, a cor- 
nice of the design shown in Fig. 11 would be estimated as 
follows: The extreme projection of this cornice is 2 ft. 9 in.; 
therefore add 5 ft. 6 in. linear measure for each corner. For 
four corners, this would make 22 ft.; thus, the width and 
length doubled, plus 22 ft., would make the linear feet of 
the cornice. For the building in question, this would make 
130 ft. net. For the estimate given above, 6314 cents, mul- 
tiplied by 180, would give $82.55 as the total cost of cornice. 

If the labor cost only is wanted, multiply 2314 cents by 
180, which gives $30.55. For the cost of material alone, 
multiply 40 cents by 130, which will give $52.00. 

The above figures do not include the framing; they are 
based on taking the roof all framed and ready for the cor- 
nice. The outside measurement is taken in all cases, so 
as not to run short on material. The prices given on the 
material are a little high, and just about enough to cover 
the waste in cutting. 

In making out a bill of material for a job of this kind, 
about 8 per cent should be added for waste in cutting. For 
example, it would take just 130 ft. of crown mold to reach 
around the cornice if there were no waste; but since there 
is some waste in cutting crown molds, adding 8 per cent 
would give about 10 ft. additional, making 140 ft. to be 
ordered. 

With the bed and band mold, it is slightly different, for 
these do not project from the building like the crown mold. 
If 8 per cent is added to the net linear feet around the 
building, there will be plenty for the job. This would make 
about 9 ft. to add to actual measurements around the build- 
ing, thus making 117 ft. 
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For the ceiling, take the extreme outer measure, and mul- 
tiply by the width of cornice at the point of ceiling, and 
then add 144. This will cover the loss in the matching, and 
the waste in cutting. 

The tin work is usually figured by the linear foot for 
material for gutters and the labor put in. A cornice of the 
kind just described will take tin 20 in. wide; and the cost 
will be about 17 cents per linear foot put in. 

These figures are approximately correct, and may serve 
in estimating material and labor for cornice, even though 
differing from the design submitted. 


CONSTRUCTION AND COST OF DORMER WINDOWS 


The estimated cost, in detail, of the dormer, shown in 
Figs. 12 and 13, is as follows: 


li TELE 
TM 


Front View 


Fig. 12. Dormer Window Construction. 
Estimate for Dormer Window 


10 pes. 2 by 4 by 18 


16 pes. 2 by 2 by 14 , 408 ft. at $25. .....-.eeeeeeoee $ 10.20 
6 pes. ae ee 

AQO) ttecNOse2e Ye bs sheathing, GO Bictistsieie’s iol slslalaicloterale\orsie'= 10.00 
2,000 shingles, $3.50......-¢. ee eee ee reece eee e ee eeeees 7.00 
250 ft. % by 4-in. siding, $30...........+sseesseereee 7.50 
50 ft. 4-in. crown Mold, 2C.....-.-----seeeereeseceees 1.00 
48 ft. 2-in. bed mold, 1C.........-. see eseesrsceees 48 
2 palcony newels, $1.50........eseeeereee cree er ceees i 


20 ft. balcony rail, 6C........-. cee e eect sere ee eeeoes 
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80° balusters; 124! by 1i4sby a3 eal, SCr.... eee e ae ace sie 2.40 

20 *LESIDASO WTOC ie oie wlete efoto ie lelaleyevsiencle et ce erste alee ee aeler eet se 2108 

200 ft. 5 by 4-in. by 16 ft. for ceiling, SG i ee aocebees 6.00 

60 linear tt dW by.4-n. sir AMISH aes reeset ee eer 15 

1 triple window-frame...........s.e20- Sy Abe met §, Ss inet 6.00 
Side View 


Fig. 13. Dormer Window Construction. 


2 twindows,):24: Dy 28 2elteeoic60. ee ee eee 3.20 
L,“window,; 26, by 28, 2sltsseucsct . hk oes SOemae. eee 1.65 
LO ftee windows Stool. 2G poe hak ones ae .20 
LO ie a WINd Owe BDTON sOC nu carenstie etic cece eee .20 
24it window Casing. - 2s cr os wion eta s as Oe ee eee 42 
10) ft; ‘head. Casing.) 2esue amuse sce ake eee eee .20 
LON Et. Capyamold, W204 e.tceclice tee ae ee eee .20 
LO sits willet,, Led Geis heatieene See OR Loe ee Re eee 10 
42) ft. 9 WIRdOWLStODS). il. Chis soins tt eae) nee eee 42 
$4 otlashing. ‘ting: 1 ieee Greece. tee 1.26 
JOS Sql it ting “balcony. floors. soe eee en. eee eee 9.00 
Sash-cord, weights, and sash-locks................... 2:50 
Carpenter “work, 40 hours.at 40¢...8..002.0.4%.22..%% 16.00 
Plastering “sides sands ceiling jee. ae See ee ee 9.00 
Cost -of painting 95: f xyes nite Oe eee ee 7.00 

Total estimated cost........... sles oes se cletieieiennd UCLO4 


ee ee ee 


a Se eT ee eC 


we 
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In this estimate, no margin is added for incidentals. 
Nothing is figured for a fioor in the room, because the floor 
is supposed to be there in the average building; but if a 
floor had to be put in, it would be necessary to figure it. 
No nails were figured, either—which goes to show very 
plainly that a dormer window of this kind and size is worth 
anywhere from $108 to $125, according to the general con- 
ditions likely to be met with in this kind of work. The 
figures given include finishing up the dormer, but not the 
entire room which might be back of the dormer and for 
which it is to furnish light. 

TREADS AND RISERS FOR STAIRS 

For general use in calculating the layout for stairs, the 
accompanying table, Fig. 14, will be found very handy and 
useful as a time-saver. The first row of figures running 
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Fig. 14. Table Giving Number of Treads or Risers of Any 
Width for Any Size Space. 

down the left-hand side represents the number of risers, 

while the first row running across the top represents either 

the rise or the width of the tread. Those in the following 

lines represent either the total tise or run for the number 

of risers shown in the opposite left-hand column. 
Example—Suppose we wish to find the number of risers 
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required in a stairway that is 10 ft. 5% in. from fioor to 
floor, and we desire to keep the risers as near 714 in. as 
possible. 

Take 7144 in the top line, and run down the column to 
the nearest figure to 10 ft. 51%, in. It is 10 ft. 7% in., and 
is opposite 17 in the left-hand column. Therefore 17 repre- 
sents the number of risers; but there is 2 in. left over. This 
must be divided into 17 parts, and one of these parts sub- 
tracted from each riser, which would be nearly % in. less 
than 7% in. 

Now look in the next column to the left. In this, the 
risers are 73% in.; and for 17 risers, the total is found to 
be 10 ft..5% in., which is just % in. short. Thus the risers 
will be 7% in., plus 1/17 of %& in. 

To find the run of the stairs, it must be remembered 
that there is always one less tread than there are risers. 
So take 16 in the left-hand column, and trace the figures 
to the right till you come to the column whose figures at 
the top represent the desired width of tread. Suppose it 
to be 9 in.; then it will be found that the run will be i2 
ft. If the treads are 9% in. wide, then the run will be 12 
ft. 8 in. and so on for any desired width of tread. Usually 
there is some leeway in the run; that is, it is not confined 
to a certain space like the rise from fioor to floor. There- 
fore, a few inches in the run of a straight flight of stairs 
does not usually make any difference, thus leaving it to the 
builder to select at once the width of tread desired. When 
this cannot be done, then the allotted space must be arrived 
at in the same manner as that given in the above for the 
risers. But after all, it should be remembered that, while 


the measurements can be accurately found by the aid of” 


this table, its greatest utility is as a quick reckoner, in laying 
out the space and proper openings for the finished stair work. 
In that case it is not necessary to calculate down to the 
minuteness required in the building of the stairs. 


FIGURING BUILDING DEPRECIATION 


In a discussion of methods of figuring depreciation, held 
by the Cleveland Real Estate Board, Mr. D. H. Goldsmith 
made the following suggestions: 


“Depreciation cannot be fixed by any absolute rule. Prep- 
erty depreciates in value from age, use, and occupancy and 
surroundings. Property occupied by tenants usually depre- 


ciates one per cent a year more than when occupied by the 
owner. 


We, 
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“Redwood lumber will last the longest, though it is not 
extensively used. White pine, spruce, birch, poplar, and oak 
come next, while yellow pine and hemlock are the shortest- 
lived. The kind of lumber used is the first consideration in 
figuring depreciation. North Carolina pine lacks strength, 
and warps badly. Southern pine, one of the classes of yellow 
pine is divided into two sub-classes—long-leaf and short-leaf 
pine. Short-leaf pine should be used for sheathing and in- 
terior work, as it is not so strong as long-leaf pine, the latter 
containing a lot of resin. Norway pine is practically extinct, 
yellow pine taking its place. Cypress is best for exterior 
work, especially that grown in Southern swamps, called ‘red 
cypress.’ 

“Workmanship comes next. Next, much depends upon the 
owner. If he is dilatory about making needed repairs, natur- 
ally the depreciation is nearly double that of the owner 
who gives repairs immediate attention. The depreciation is 
also considerably less if repairs are properly made, rather 
than in a slipshod sort of way. 

“Banks, in making appraisals for loans, base much of ine 
value on the general appearance of a _ building—if well 
painted and in good condition. One banker informed me 
that his bank re-appraises all loans every three years, and 
that if the property looks neglected it demands that a pay- 
ment on the loan be made. The gerieral appearance of all 
the houses on the street also has an influence on the loan. 

“That it is important that the owner do needed repairs, 
ds evidenced by the following example: Six years ago my 
firm sold a 3-family frame dwelling to a widow for $6,900, 
bringing a rent of $828 annually. The property is located 
on a main street where land values have increased. We 
were given charge of this property, though never permitted 
by the owner to make needed repairs. The result was 
that when the property was put on the market, after the 
owner’s death, the best offer obtainable was $5,300. We then 
pointed out to the administrator that some decorating, paint- 
ing, and carpenter work would bring better results, for paint 
and paper cover a multitude of deficiencies, and apparently, 
at least to the casual observer, lessen the percentage of 
depreciation. These repairs cost about $200, though really 
$200 more should have been added. The result was we had 
an offer of $6,500 cash, or, in other words, an advance of 
$1,000 owing to some of the great depreciation being elimi- 
nated, which shows that repairs and depreciation go hand 


in hand. 
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“Where owners are negligent, the depreciation is great. 
If a porch floor commences to rot it is not long before nearly 
an entire new porch is needed. New stringers, post bases, 
etc., must be put in to make it safe again. 

“In large cities, a frame dwelling occupied by the owner 
depreciates approximately from 2% to 3 per cent a year. 
When occupied by a tenant, approximately 3 to 3% per cent 
a year. On cheap frame tenements, about 50 per cent higher 
is a fair estimate. On frame barns used by the owner, 4%. 
to 5 per cent is a fair estimate. When used by tenant, 54% 
to 64% per cent, much depending upon the kind of tenant. 

“On a poorly constructed dwelling, whether occupied by 
the owner or tenant, the depreciation is practically double. 
In smoke belts, the depreciation will be about 50 per cent 
higher than these figures. In small towns the figures are 
about the same, except that in towns where there is a great 
deal of soft coal smoke or acid fumes, 75 per cent should 
be added. 

“The figured longevity of a frame dwelling is 30 years. 
At that age I have always figured that a house has depre- 
ciated about 80 per cent, the remaining 20 per cent being 
made up of sheeting, bill stuff, foundation, and interior fin- 
ish. On the house built 20 years ago, I would figure the 
life as 40 years, lumber being better seasoned before using 
than at the present time, and more money was put into 
labor. 

“Architectural changes, and people wanting different sizes 
of rooms, different style, more conveniences, newer patents, 
and the latest in plumbing and lighting fixtures, make 30 
years now a fair basis on which to figure.” 

“Construction News” recently published the following data. 
giving the average life of the different parts of a frame struc- 
ture, and the percentage of annual depreciation on same: 


Life of Parts, and Depreciation, in a Frame House 


Average Annual 
Life. Depreciation. 


Plastering: 7 crs pda arene ee eee 20 yrs. 5 per cent. 
Painting, owtsidees <cnusioaker ocee cee Oe ee AD) ib 
Haintine | Inside wr week eee ee ye ee! w * 
Shingles gent ak er eee ee eee ek 67 ho eeO oh 
Cornice itt sare eee eee ae CAUSA ee 2 Wop! Sem * 
Weather-boarding ii. een eee ere 30 Tah Sige “5 
Sheathing acess EEN SOR Soe HE BO aes $ Us 
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Flooring (entirely carpeted)........... A OUR ae? Vanes: es 
WIDOT S se COMPLCGO (os ch Sriepeate eis cate soe ne BOLead ae Lert ¥ 
WIndows, -COMPlOt@r nn secrete ss Seles cces Bilt Spt Gs . 
WUAIDSTANGME WEIS sce ce corre os ns ote SAO ae it SEU MR te pe TR 
PSASG? © jo: oh, ccs Asiee cts ora.e A aie! Sanetamikenstere io creas AQ ame Dia Ee ee 
MUSIC SROINUS Se oitess nite a oo s.c'e ere crate ete 300 ee Sle of 
Buildings hardware ecscts cee acs f+ ee 2) of .s 
OMESI Cem DLN AS me oc ato cide storie caeicis oie ce 6 < < 
SilISPaANdeHrstyJOIStS sot. o.16 oc/aate seme wise 58 1bo oe A “4 
MEN SION PATI DECL wits « e'cteels.« fia 4.50 e.6s EXIM es i co ce 
PiaZzZas POLBDOLCHES «7 sa eet onthe ae 20 occa b: Y os 


If this building had been built with brick walls, the aver- 
age life of the brick would have been about 75 years with 
a depreciation of about 1 per cent. per year. The life of the 
plastering would be increased to about 380 years, with an 
annual depreciation of only 3% per cent. The life of the 
sills and first-floor joists would be increased to 40 years, with 
2% per cent. depreciation per year; while the dimension 
lumber would have about the same life and yearly deprecia- 
tion as the brick. Other materials would be rated about the 
same as in the case of the frame building. 


STRENGTH OF BEAMS 
For calculating strength of beams freely supported at ends, 
we may use the formula: 
pi 
—=M, 
e 
TABLE XxXIill 
Average Safe Working Unit-Stresses in Bending for Timber 


Pounds per 

Sa. In. 

PUVA GG OD Eeetene areteret evtiaeaiesenehateraia etaneiea Burts @ lenee dl wletiors 1,200 
Southern long-leaf or Georgia yellow pine..... 1,200 
Short-leat yellow pine wane ee wets oe steists esis 1s 1,000 
INGA ENE ADIN) pao dibclodh oShdoo oavoUpodr o0.0b 4 Gd 800 
GHinCER - do ond asdaoconddooue boaBoeoon doacaas 800 
(CRMibWorasthsy opellCe) Wocigoeb ose cocnbosmouas on onooc 800 
Chestnut. .)5. .. Myre tae terme tars) chal okeesiciesa ova ate sieeve sre 800 
IDYohiesdse) Silt! AulgoGc seacodanuidnbe ue \ObUo Dd doar 800 
Galiforniay Ted WOOd 2% 60. sie ce © lig sie ens 750 
VV Ht OM LITO metal etetetets) cue cle le cel store ajeic) ne ne toielelarele(s) ale 700 
SWOAKYS, coaooaooboenopos0n SU dococ Does boone CDE 700 
iDEeiverwa Sale Kope Goo colbmounec ou aoe Seger ouehenevewel 700 
(GYGEWE a) 5 AS nae GEO GR ietaditd.0 Ete DOO hc PRECIO TOS 700 
600 
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where p is the unit bending strength of the material in 
pounds per square inch (see Table XXIII); I is the moment of 
inertia of the beam cross-section; e is the distance from 


center of gravity of the beam section to the outer fibers at ; 


top or bottom (see Table XXIV for values of I and e); and M 
is the value of the greatest bending moment as given in 
Figs. 15 to 15c. All of these quantities should be expressed in 
pound and inch units. 


This formula may be used to find the size of a beam ~ 


necessary for a given load; to find the load which may be 
carried by a beam of a given size; or to find the degree of 
safety which exists in a beam of a given size which is 
carrying a given load. 
_ Figs. 15 to 15c give the values of M, the maximum bending 
moment, for four common cases of beams and cantilevers. 
In each case, W is the total load on the member, in pounds; 
B is the weight of the beam itself, in pounds; w is the load 
per inch of length of beam; and a, b, and 7 are lengths as 
shown, in inches. 
TIMBER COLUMNS 

The following formula, called Johnson’s parabolic column 
formula, is very useful in solving problems in regard to 
timber columns where the value of length divided by least 
width or thickness is not greater than 60. The ends are 


TABLE XXIV 


Values of I, e, and Areas of Cross-Section for Use with Common 
Structural Shapes Shown in Fig. 16 


A B Cc D E F 
: at atm! bh® bh*—cg* dé d‘-n4 
12 12 12 12 20 20 
a a h h d d 
. am ae aah = = ss 
jee 2 2 2 2 2 
Area of 
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supposed to be flat, held firmly in place; and the load is to 
be exactly central. For convenience, the same formula is 


M= a(2Wb+Bl-Ba) 
“ant 


Fig. 15B. Freely Supported Beam with Concentrated Load. 
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Fig. 15C. Freely Supported Beam with Uniformly Distributed 
Load. 


given in four different ways, each way being for a different ; 
kind of timber. 


For Georgia yellow pine columns— 


W [8 1 ry 
— = 4,000 —|— x — x — 
A | 10 d d 
For short-leaf yellow pine columns— 
WwW 7 1 1 | 
aAED GS es x—-x—! 
A (10. iadeeodal 
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TABLE XXV 


Final Crushing Strength of Building Materials 
(Loads on Timber Applied in Direction of Grain) 


———— 


Short Column Columns over 
Underi2 Times 12 Times 
MATERIAL Least Dimen- Least Dimen- 
sion sion 


Lbs. per Sq.In. Lbs. per Sq. In. 


WHIT OR OB KUN ares clsrnccie ols cletelernave cesta’ 5,000 7,000 
Wultess DING W4.!s0 ste ces tio stereo Oe errs 3,500 5,500 
Long-leaf or Georgia yellow pine.. 5,000 7,000 
PIOUL LAG MAL a ete cietereaata oie ca siete 4,500 5,700 
Short-leaf yellow pine............. 4,500 6,000 
INO WAY) DiGi cele « ohne cate sls ordercie 4,000 5,000 
Spruce and Eastern fir............ 4,000 6,000 
TODD OCK sire oreieve oleiscetaremnie suntevalevate sales 4,000 states 
WYDTOSSw cele occ a cys cteles cesiotenain cies uchcais 4,000 5,000 
COMA aiate theres, ster siacs's, ores. © oyer diate oldies ores 3,500 5,500 
WOR GSTN UE Ma. ecae tepcveis ohonego yet) eters! she lene eles 4,000 Sere 
Californias ered WOO ware cl ectete otei-tsene «1s 4,000 

Californias SDT ACOi. a scrigceeiersvousfareasiene 4,000 ee 
CASE EITOM A fest ereters 019 eres Jaane etsy stas 80,000 70,000 
MTT AmeStCCl 2 oes ciassheucs spate perches ote 60,000 50,000 
Conerete (1:2:4 mixture)......... 2,000 o 2h 


For white oak columns— 


WwW 8 1 ] 
— = 3,500 —|— X — XK — 
A 10d? ad 

For white pine and spruce columns— 
WwW 6 1 1 
2 BOO et Ge rs 
A [10 dan. d | 


In the above formulas, the value of W is the breaking 
central load, in pounds; A is the sq. in. of area of cross-sec- 
tion of column; 1 is the length of the column, in inches; and 
d is the least dimension of the cross-section of the column, in 
inches. 

When there is occasion to use a factor of safety in solv- 
ing for the working load, as is necessary in all design, divide 
both parts of the right-hand side of the formula by the factor 


/ 
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desired, or leave the equation as it is, and divide the answer 
for W by the factor. 
TABLE XXVI 


Safe Unit-Loads for Hollow Round and Rectangular Cast-Iron 
Columns 


(In pounds per square inch of cross-section of column) 


Length, Length, 
in Inches, in Inches, 
Divided by Divided by 
Least Value Round Rec- Least Value Round Rec- 
of d tangular of d tangular 
Sk ccs yO ay RS ORGS ee EE BS ne ee ee 
8 9,259 9,433 23 6,020 6,684 
9 9,082 9,293 24 5,814 6,494 
10 8,888 9,140 25 5,614 6,305 
11 8,688 8,983 26 5,420 6,120 
12 8,475 8,811 27 5,233 5,940 
13 8,257 8,635 28 5,050 5,764 
14 8,032 8,446 29 4,875 5,592 
15 7,806 8,257 30 4,706 5,424 
16 7,576 8,064 atl 4,543 5,260 
alg, 7,847 7,867 32 4,386 5,102 
18 yeaa br 7,610 33 4,235 4,947 
19, 6,892 7,468 34 4,090 4,797 
20 6,666 1,272 35 8,951 4,655 
21 6,447 7,076 36 3,817 4,515 
22 6,230 6,877 


TABLE XXVII 
Average Weight of Timber 


TNS Gio oS CUOMO odo Gee Wo Soo e 42 Ibs. per. cu. ft. 
CHESTNUT s62i. 05's 3 ee reals fee's Ass eee ttients 
Hemlock: divawicsasesintes cieinsieriernos Ray ge Che aren) Te 
Hickoryetaicss ceckoaec SNS OS eas State Cer em a 
Ma plore crim. . vcs. .jestere see mereiematets BO eS Snes 
Oak Qccsiee asian tiges ome zat AS OC ae eal 
Piney NOEWaY ii. dens tectertmietemte oes 36“ ES RES 
Pine, White le. he) ase dsteo nites eee s PAT ai Maas 2 Me 2 
Pine, yellow, Northern ........... Sasls pari 
Pine, yellow, Southern ........... 46 4h ee ee 
SDPUGO OMA. oh co ieee eeene cee Niet A 
Walnut OG. A8 « fetetessaeh, Satter AB iy Ss cima tcc 


To find the weight of a board foot of these materials, 
divide the weight given: by 12. 
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Table XXVIII gives the approximate weights of timber per 


1,000 board feet. 
TABLE XXVIII 


Approximate Weight of Dry Lumber per 1,000 feet, Board 


Measure 

ARIS Haet c Soy etcen a eee nien ot nel cat eaenis 3,500 Ibs. 
CHEStHUEM. cle cee peices cia Peas Dero ee 3,400 “ 
EL GMILOCKIOS . arenes cde cio te matelne vik eee teres eit) Ome 
FTICKOT Voesn aie oretoreia chote ee ete eck ol a Ober ehaseney Genes Busts 4,400 <“ 
MVE AP LE Weetcio.s arclets Boye oes Bale sis ls, Slevelenaaiae A100. +5 
Oal Re aio tie ake ctotacs if olehobertetonchele-eialens cite cbeleehetns 4,000 <“ 
PINs ANOF WAY: beret cos Fewe win che alate telkos atasielete oeape 5200s 

SURO WHILE! OG bis eaka c's Mle bein ole succorgeorelone ohele 2008 as 

EA CV. CLIO WON sista ate. ds coo avi rorelanmere ae the oterainue 3,00005 
SUC Oi eae talc a eyes taern a reuse ltarees noone leveighoke enemas 21000 
UVa WE ie ieee otto wire aware sent eee escheat 4,000 “ 


CAST-IRON COLUMNS 

Table XXVI contains values for the safe load in pounds 
per square inch of cross-section of hollow round ‘and rec- 
tangular cast-iron columns, as recommended by Kidder’s 
Architects’ Pocket-Book. These unit-loads are based on a 
factor of safety of 8. 

To find the total central load which may be carried by a 
column of a given size, multiply the area of the cross-section 
of the column by the corresponding unit-load taken from the 
table. The value d referred to in the table is the least ex- 
terior dimension of the column, in inches. 


} LABOR QUANTITIES IN CARPENTRY 


A man will do approximately the following amounts of 


work in an 8-hour day in common frame buildings: 
150 linear ft. 


Base-boards, 1-member, fit .......46...-.:0.+4- 
se 7 DP TOTA USI uae airstream ehe «© eye re aualers 125 ‘We, ae 
So ie SEITEN WSL Eee Mile encyerereas. crs anor enscelonets 100 See! 


(These quantities are lowered by % after plaster is put in 
place.) 


Boarding, rough barn work, putting on........ 1,000 bd. ft. 
isjalsbeyhover, TOLYKE: Aa hianApuon boo chlo dmad om 0i oC oc 40 pairs 
Clapboards, cut and lay...........+--+-s+++- 250 sq. ft. 
Cornices, including scaffolds (2 men)....... 160 linear ft. 
DOOLS ss five ANG y WAT Slay. aieyes 6 lco aro sinre!ann) «10 lento lonall= 8 Poo) ee 
oo 1-member casing, eas WP rerevayetettanctercietele 12 ee 
sf 2-member SO MM MA Eee SAL. Cots sis. Pens he lcis 8 Me ade 
nee “ce “ 


Mi hake WkoYOledsy bal, eke aolors aero olueNolg On baka ene 


210 RADFORD’S ESTIMATING AND CONTRACTING. 


Flooring, 1”’x4”, matched, rough cheap work, 


TAY <ADOUL as Sieieie« se scons olnvese) alo sj eceleretn\= leis eo sis 700 sq. ft. 
Flooring, 1’x6”, matched, rough cheap work 
lay about) . 2%. as cubis see rier ole ria epi 900, <a 
Flooring, 4”, better class of work........ 300 to. 400-5 5= 
ss less (than 47s. « os siclie ives ee 200 Tio. = S00 (aa 
a hardwood, in small rooms, lay about 150 “ + 
ss ca end matched, in large 
rooms, lay about........ 40045 yes 
s under, place in position.........-.. 1,000 Wale 
Joists, place in position about...........----- 500 bd. ft. 
Plaster grounds, place in position...........-. 400 linear ft. 
Rafters, common, place in position............ 400 bd. ft. 
Sheathing, common, putting on..........++++- 500 sq. ft. 
4d dressed and matched, putting on.. 400 “ “ 
s shiplap, putting on ............-.. AGO nce 
Shelviney PAnuLy recat teeiase sae else sili 60 to 70 linear ft. 
Shingles, cut and lay.......-.-..seeeee re eeees 1,500 
Siding, common, cut and lay ..........-+-++- 300 sq. ft. 
ss drop, where joints are made ......... 2001 ea 
s “_ -window-casing and corner-boards 
placed’ over siding ........2.......++-+-00- BDU ee 
Stairs, box, number of risers in height........ 6 
Studding, place in position...............+--. 500 bd. ft. 
Wainscoting, ceiling 0.5 .. 0. gees - eee es ewes 200 sq. ft. 
a panel work, set up and finish (not 
TAKE orc cc cheat sie ares aisteer er. 6 cle atisteyate  siersim sale ters TbORE ae 
Windows, 1-member casing, case ............- 12 
Se 2-member “ eh Bes aia h Fe SCH 8 ; 
2-Sashe fiteand pHANe wer teria mi siete elslels 10 j 
Window frames, ordinary, set in place........ 14 ; 
“ MA setting and fitting windows . 
3 to Coe eoeceeeeeeseseseseseeereserrserees ee 8 | 
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Yellow Pine Construction 


DATA FOR DESIGN AND CALCULATION 


Since it is claimed that about one-third of the entire lum- 
ber output of the United States is Southern yellow pine, the 
data compiled and tabulated as given in the following pages 
of this section should be of value to the contractor. This 
material is reproduced by permission, from the handbook of 
the Yellow Pine Manufacturers’ Association, written by Mr. 
Arthur T. North, Engineer, of Chicago, Ill. 


SAFE LOADS ON YELLOW PINE BEAMS 


The tables of safe loads for yellow pine beams (actual 
size) give the safe loads in pounds uniformly distributed for 
all usual spans, based upon an extreme fibre stress of 1,800 
pounds per sq. in.; and the maximum safe load limited by re- 
sistance to the horizontal shearing stress along the neutral 
axis is based on a horizontal shearing stress of 175 pounds 
per sq. in. The tabular loads include the weight of the beam, 
which must be deducted to obtain the net external load®* it 
will safely carry. 

The loads indicated B are the safe bending loads in pounds 
uniformly distributed corresponding to the extreme fibre 
stress of 1,800 pounds per sq. in. 


To convert these loads for other stresses, proceed as fol- 
lows: 

Case I. To find the size of timber required for a given 
uniformly distributed load, span, and fibre stress— 

f — Extreme fibre stress in pounds per sq. in. 

Boe f — 1,000, given load K 1.8 = new load. 

f — 1,200, given load X 1.5 —new load. 

“ #£—1,300, given load X 1.4 —new load. 
“ f—1,400, given load X 1.3 —new load. 
“ €—1,440, given load X 1.25 — new load. 
“ £—1,500, given load X 1.2 —new load. 
“ f—1,600, given load X 1.13 — new load. 
“ £f—1,700, given load X 1.06 — new load. 

Find the new load (indicated “B”) in tables opposite the 
span; at head of column will be found the required size of 
beam. 

Case II. To convert the loads indicated B for other fibre 


stresses— 
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f — extreme fibre stress in pounds per sq. in. 
For #—1,000, multiply tabular load by .555 
—1,200, multiply tabular load by .667 

“ ¢—1,300, multiply tabular load by .722 

s — 1,400, multiply tabular load by .777 

“ £—1,440, multiply tabular load by .800 

“ #£¢—1,500, multiply tabular load by .833 

yg —1,600, multiply tabular load by .888 

“ £—1,700, multiply tabular load by .944 


If a concentrated load is applied at the center of the span, 
the safe load is one-half the safe uniformly distributed load 
for the same span; if two equal concentrated loads are ap- 


plied at the third-points of the span, the safe load (the sum. 


of the two loads) is three-fourths the safe uniformly dis: 
tributed load for the same span; two times the safe con- 
centrated load applied at the center of the span is equivalent 
to the safe uniformly distributed load for the same span; one 
and one-half times the sum of two equal loads applied at the 
third-points of the span is equivalent to the safe uniformly 
distributed load for the same span. 

The loads indicated HS are the safe uniformly distributed 
loads in pounds which are limited by the resistance to the 
horizontal shearing stress along the neutral axis of the beam, 
and are based on a horizontal shearing stress of 175 pounds 
per sq. in. These loads are the maximum safe uniformly dis- 
tributed loads that can be applied to the beam for the spans 
given or for shorter spans. 

The loads indicated D are the uniformly distributed loads 
in pounds which produce a deflection of one-thirtieth of an 
inch per foot of span and are based on a modulus of elas- 
ticity of 1,620,000 pounds per sq. in. 

A concentrated load .625 times the uniformly distributed 
load, and applied at the center of the span, will produce the 
same deflection for the same span; a concentrated load 
divided into two equal units applied at the third-points of 
the span .734 times the uniformly distributed load, will pr 
duce the same deflection for the same span. 

The deflections in inches indicated DI are the Rekestions 
produced with a load of 1,000 pounds uniformly distributed. 
The deflection in inches for any uniformly distributed load 
is obtained by multiplying the deflection indicated DI for the 
proper span, by the number of 1,000-pound units in the given 
load. For a concentrated load of 1,000 pounds applied at the 
center of the span, the deflection in inches is 1.6 times the 
defiection for a 1,000-pound load uniformly distributed over 


ee ee ee 


TABLE XXIX / 
Safe Loads in Pounds Uniformly Distributed for Yellow Pine 
Beams 
(Actual size) 
Beams Supported at Both Ends 
(The loads given include the weight of the beam) 

Fibre stress 1,800 pounds per sq. in.; horizontal shearing 
stress, 175 pounds per sq. in.; modulus of elasticity, 1,620,000 
pounds per sq. in. 

HS indicates the maximum safe load uniformly distributed 
that can be applied to the beam, and corresponds to the hori- 
zontal shearing stress along the neutral axis. 

B indicates the safe bending load uniformly distributed, 
and corresponds to the extreme fibre stress. 


D indicates the load uniformly distributed that produces 
a defiection of one-thirtieth of an inch per foot of span. 
D1 indicates the deflection in inches with a load of 1,000 


pounds uniformly distributed. 


L/30 indicates the deflection in inches which is one-thir- 


tieth of an inch per foot of span. 


Nominal | | | 
Size 2x4 4x4 4x4 2x6 | 2144x6 | 3x6 4x6 6x6 
Actual 154x | 354x | 314x Vx 2x1f | 234x | 354x | 54x | | L/30 
Size 13% 3% 3% 5% 5% 55% 5% 
Span 
in 
Feet 
3 |HS 1372} 3066] 2856 .100 
D1} .0581] .0261 _-0299 
4 |B 1068 ~~ 2382 2145 e 2135 2887 3528| 4760 7056 
D 967| 1876 .0369| .0389| .0233| .0165| .0116[.133 
D1| .1379 _-0618 om} 
5 |B 854) 1905 ~1716|B 2056| 2721 B | 2056] 2721] 3326] 4588] 6655 
D 619] 1201] 1382}D1| .0720| .0759| .0455| .0323) .0227| .166 
D1| .2693 |_- 1206 . 1388 
6 [B 712) 1588} 1430/B 1714| 2268| 2773| 3824] 5546 
D 430 834 960|D 1607 1523] 2542] 3584] 5084] .200 
Di1| .4651 |. 2083 .2398|D1| .1244| .1313| .0787| .0558] .0593 
LAB 610| 1361] 1225|B 1469 1944| 2376| 3277| 4753 
D 316 613 705|D 1180} 1119 1867| 2633] 3735) .233 
DiI, 7384) .3307 _ 3806 D1] .1977| .2085| .1250| .0886| .0625 
B 534] 1191 ~~ 1072|/B 1285 1701 2079 2868| 4159 
i D 242 469 540|D | 904 857 1429 2016 2860| .266 
D1/1.1020] .4938] .5686]/D1] .2950] .3112 1866} .1323] .0932 
9 B 1143 1512 1848| 2549| 3697 
D 714 677 1129 1593} 2260] .3800 
Di1| .4202| .4431| .2657| .1883| .1327 
10 Prreraallicy 1028 1361 1663| 2294| 3327 
D 578 548 915 1290 1830] .333 
D1! .5767| .6083| .3643| ..2584| .1821 
11 groves) 935 1237 1512| 2086] 3025 
D 478 453 756 1066 1513| .366 
Di] .7671| .8094| .4850] .3440] .2423 
12 Papa aB 857 “T134 1386 1912] 2773 
15) 402 381 635 896] 1271] .400 
D1! .995011.0499| .6299| .4464| .3147 
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the same span; for a concentrated load of 1,000 pounds 
divided into two equal units and applied at the third-points 
of the span, the defiection is 1.36 times the deflection for a 
1,000-pound load uniformly distributed over the same span. 

L/30 indicates the defiection in inches which is one-thir- 
tieth of an inch per foot of span. 

Sufficient bearing should be provided at the ends of the 
beams so that the allowable intensity of compression across 
the grain is not exceeded. This effect may be obtained by the 
use of metal or hardwood corbels or bearing plates arranged 
to provide a large bearing area against the softer wood. 


TABLE XX!IX—(Continued) 


Nominal Size 2x8 2144x8 3x8 4x8 6x8 8x8 
bee 508 tie pee hs 

Actual Size 156x714 | 214x714 | 234x714 | 3343714 | 516x716 | 74x76 

Span 
in Feet 

6 HS | 2843} 3937] 4812] 6562 | 9625 | 13125 | .200 

Di | .0525 | .0379 | .0310 | .0227 | .0155 | .0114 
7 B 2611 | 3617 | 4419 | 6027 | 8839 | 12053 | .233 

D1 | .0834 | .0602 | .0493 | .0361 | .0246 | .0181 

8 B 2284 | 3165 | 3867] 5274) 7734 | 10547 
D 2142 | 2966 | 3625 | 4944] 7251] 988s | .o66 

Di | .1245 | .0899 | .0735 | .0539 | .0368 | .0269 

9 B 2031 | 2813 | 3437 | 4688 | 6875 | 9375 
D 1693 | 2344] 2865 | 3906 | 5729] 78131 .300 

Di | .1772 | .1280 | .1047 | .0768.] .0524 | .0375 

10 B 1828 | 2532] 3093 | 4219] 6187) 8437 
D 1371 | 1898 | 2320 | 3164 | 4640 | 6328 | .333 

Di. | .2431 | .1756 | .1437 | .1053 | .0718 | .0527 
11 B 1661 | 2302 | 2812 | 3835 | 5625 | 7670 - 
D 1133 | 1569 | 1918 | 2615 | 3835 | 5230 | .366 

Di | .3236 | .2337 | .1912 | .1402 ) .0956 ) .0701 

12 B 1526 | 2110] 2578 | 3516 | 5156 | 7031 
D 952 | 1318 | 1612 | 2197 | 3223 | 4304 | .400 

D1 | .4202 | .3035 | .2481 | .1821 | .1241 | .0910 

13 B 1406 | 1948 | 2380 | 3246 | 4759 | 6490 
D 811 | 1123 | 1373 | 1873 | 2746 | 3744 | .433 

Di | .5343 | .3859 | .3156 | .2313 | .1578 | .1157 
14 B 1306 | 1809 | 2210] 3014 | 4420] 6027) 
D 700 | 968 | 1184 | 1615 | 2368 | 3229 | .466 

D1 | .6667 | .4821 ] .3041 | .2890 |} .1971 | . 1445 

15 B 1218 | 1688 | 2065] 2813 | 4125 | 5625 
D 609 | 844 | 1031 | 1406 | 2063 | 2812 | .500 

D1 | .8210 | .5924 | .4850 | .3556 | .2424 | .1778 

16 B 1142 | 1582 | 1934 | 2637 | 3867 | 5973 
D 536 | 742 | 906 | 1236 | 1813 | 2472 | .533 


Di -9950 |..7188 | .5887 | .4416 2942 2158 


YELLOW PINE CONSTRUCTION ~ 215 


Fibre stresses should be modified for moving loads, im- 
pact, or other unusual conditions. 


TABLE XXIX—(Continued) 


10x10 
poem ES 


8x10 


2x10 | 24x10{ 3x10 4x10 6x10 


3601 4987 6097 8312 | 12190 | 16625 | 21056 | .266 
.0612 | .0442 | .0362 | .0265 | .0181 | .0133 | .0105 
3258 4512 5515 7521 | 11030 | 15041 | 19052 | .300 
. -0872 | .0630 | .0515 | .0378 | .0257 | .0189 | .0149 
2933 4061 4963 6769 9927 | 13537 | 17146 
2786 3858 4715 6430 9431 | 12860 | 16290 | .333 
.1196 | .0864 | .0707 | .0518 | .0353 | .0259 | .0209 
2666 3691 4512 6154 9025 | 12307 | 15588 
2303 3189 3897 5315 7794 | 10629 | 13463 | .366 
.1592 | .1149 | .0941 | .0690 | .0470 | .0345 | .0273 

2444 3384 4136 5641 8273 | 11281 | 14289 

1935 2679 3275 4466 6549 8931 | 11313 | .400 
.2067 | .1493 | .1221 | .0896 | .6108 | .0448 | .0353 
2256 3124 3818 5207 7636 | 10413 | 13190 
1648 2283 2790 3805 5581 7610 9639 | .433 
.2630 | .1898 | .1553 | .1139 | .7765 | .0569 | .0449 
2095 2900 3545 4835 7091 9669 | 12248 
1422 1968 2406 3281 4812 6561 8312 | .466 
3282 | .2371 | .1939 | .1422 | .0970 | .0711 | .0581 


1955 2707 3309 4513 6618 9025 | 11431 
1238 1715 2096 2858 4192 5716 7240 | .500 
.4133 | .2915 | .2386 | .1750 | .1193 | .0875 | .0691 
1833 2538 3102 4230 6205 8461 | 10716 
1089 1507 1842 2511 3684 5024 6363 | .533 
.4898 | .3539 | .2895 | .3124 | .1447 | .1062 | .0838 
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TABLE XXIX—(Continued) 


Nominal 2x12 |214x12] 3x12 | 4x12 
Size beckaee  Eilaailie, Mina SPE Bs, Pooh 8 
tual 15¢x | 24x | 23¢4x | 334x | 54x 11x 
Agua 134 | 1136 | 1136 | 1136 | 113s | 1145 11% 
Span 
in Feet 
HS | 4361] 6037 ote) 10062] 14756] 20125] 25490! 30856 
: D1 | .0492| .0355 20291] .0213| .0145| 10.06 -0213|{ .0145| 10.06} .0084| .0069} .300 

B 4298| 5951] 7273| 9919| 14547| 19837] 25127] 30417 

Ye D1 | .0674| .0487] .0398] .0292 ee Be) a) see .0146] .0115 “0095 .333 
B 3908| 5409] 6612] 9017] 13225] 18034] 22842| 27652 

ind | -0897| .0648}_.0530| 0389 ESE HEE -0194] .0153| 0127] .366 

2 B 3582| 4959] 6061] 8266] 12123] 16531] 20939] 25348 

z D 3432| 4752] 5808] 7921] 11617] 15842} 20067 24292 -400 
Di 1165| .0842] .0689] .0505] .0344] .0252] .0199] .0165 
B 3306| 4577] 5595| 7630| 11190] 15259] 19328] 23398 
D 2924| 4050} 4949] 6750] 9899] 13499] 17098] 20698| .433 
D1 1482] .1070] .0875] .0642] .0438| .0321] .0253] .0209 
B 3070| 4250} 5195| 7085] 10391] 14169} 17948] 21727 
D 2521} 3490] 4267] 5820) 8536] 11639] 14743] 17847] .466 
Di —_ | D1 {_.1851] 1336 1851] .1336] .1094| .0802{ .0547] .0401] .0316] .0261 
“315 |B | 2865| 3968 2865| 3968] 4849| 6613] 9698] 13225] 16751 20278 
D 2196] 3042] 3717] 5070] 7435] 10139] 12843] 45547] .500 
D1 | .2277| .1644} .1345] .0986| .0672] .0493] .0389] .0321 
B 2686| 3719) 4546] 6199] 9092] 12398] 15705] 19011 
DD 1931] 2673) 3267] 4456] 6535] 8911] 11288] 13664] .533 
D1 2762 —_ | DIY .2762| .1995 -1632} .1197| .0816| .0598] .0483] .0390 
“37 |B | 2528] 3500 2528| 3500) 4278] 5835| 8557] 11669] 14780] 17892 
D 1710] 2368] 2894] 3947] 5789] 7894] 9999] 12104| .566 
D1 | .3314| .2393] .1958] .1436|] .0979 -O718}] .0567| .0468 
B 2388] 3306} 4041] 5510] 8082] 11021) 13959] 16898 
D 1525] 2112) 2582) 3521] 5164] 7041] 8919/ 10796! .600 
D1| .4934 —_| D1 | .4934| .2841 -2324] .1704| .1162] .0852] .0673] .0556 
“i9 |B | 2262] 3132 2262| 3132) 3923] 5221] 7656] 10441] 13224 16009 
D 1369} 1896] 2317] 3160} 4634] 6319] S005 9690} .6383 
D1 | .4626 —_| D1 | _ 4626] .3340) -2733| .2004] .1367| .1002] .0791] .0654 
“20 |B | 2149) 2975 2149| 2975] 3636] 4959] 7274] 9918 12564] 15209 
D 1236} 1711] 2091] 2852} 4182] 5703] 7224 8745] .666 
Di | .5519| .3896] .3188] .2337| .1594 -1169] .0923| .0762 
B 2047| 2834] 3463] 4724] 6927] 9446 11965] 14485 : 
D 1121 1552} 1897} 2587] 3794] 5173] 6552] 7932 -700 
D1 | .6244| .4510] .3690| .2706] .1845 1353] .1068] .O0882 
B 1954| 2705] 3306] 4509] 6612] 9017 11421] 13826 
D 1021 1414) 1728] 2357] 3457] 4714] 5970 7227| .733 
D1 {_.7183| .5186} .4244| .3111] .2121 .1556 -1015 
B 1869| 2587} 3162] 4313] 6325 13225 
D 934 1294) 1581] 2156] 3163 6612| .766 
D1] .8208| .5925} .4849] .3556] .2424 1778 1159 
B 1791| 2479] 3031] 4133] 6061 8265] 10469] 12674 
D 858] 1188] 1452 1980] 2904] 3961 6073] .800 
D1 | .9324| .6734] .5510] .4040| .2754 -2019 1317 
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Nominal 2x14 |244x-—| 3x14 | 4x14 | 6x14 | 8x14 | 10x14/12x14/ 14x14 
Size 14 
Actual 134x | 24x 74x | 94x |1144x]1314x 
Size 13% | 13% 3% | 13% Vie 
Span 
in Feet : 
11 HS | 5512) 7087} 8662/11812 23625 | 29925|36225 | 42525 
D1 | .0515} .0401].0328| .0240| . -0120]} .0095| .0078] .0067 
12 B 5316| 6834] 8353|11391 22781 | 28856/34931 141006 
.0426| .0312 .0156| .0123].0102| . 0087 
13 7710| 10515 21028 | 26636 /32244 
.0541]| .0397| .0271| .0198| .0156] .0129]| .0110 
14 7159| 9764| 14323] 19526 | 24734/29947 
6904] 9415) 13808 | 18829 | 23850|/28871|33893 
.0676| .0496] .0338| .0248] .0170] .0162 
15 6682] 9113] 13368 | 18225 | 23085|27945 
6014| 8201) 12028] 16401 | 20776/25150| 29524 
5 .0831] .0610} .0415}| .0305] .0241] .0198 
16 B 6264] 8543]12532| 17086 | 21642|26198/30754 
D 5286] 7208| 10572| 14416] 18260|22105] 25949 
D1 |. .1009] .0740| .0504] .0370| .0292}.0241] .0205 
17 B 5896] 8041|11790| 16081 | 20369|24657 | 28945 
D 9364 | 12770] 16175|19580 | 22986 
gE yim he +.0605| .0444} .0350] .0289] .0246 
18 B 3544| 4556) 5568| 7594) 11140] 15187 | 19237|23287 | 27337 
D 2658| 3417] 4177] 5695| 8353|11391]14428)17465 | 20503 
D1 | .2254} .1756 .0718}| .0527 | .0416| .0343] .0292 
19 B 3358| 4316 10554 | 14388 | 18225|22062 [25898 
D 2385| 3067 2| 7497| 10223 | 12949]15675 
D1 | .2655] .2065].1689| .1239| .0845| .0619| .0489] .0404 
20 B 3190|{ 4100} 5012] 6834] 10026| 13688 | 17313/20958 
D 2153| 2768 6766| 9227|11686)14147 
D1 | .3097] .2408 .0985] .0723| .0570] .0471 
21 B 3038| 3905 954913018 | 16489] 19960 
D 1953] 2511] 3069] 4184] 6137] 8369|10600)12831 
D1 | .3585| .2788].2281| .1673| .1141] .0836| .0660|.0545] . 
22 B 2900| 3728 6213] 9114] 12426 | 15740/19053 
D 1779} 2288 3813] 5592] 7625| 9659)11692 
D1 | .4122] .3206 .1923]| .1311] .0962] .0759 
23 B 2774| 3566 §943| 8718|11886| 15055 21394 
D 1628] 2093 3488] 5116| 6977) 8837 12557 
D1 | .4710] .3663 -2198| .1498| .1099] .0867]. 
24 B 2658| 3417 5695] 8355) 11390) 14428/17465 | 20503 
D 1495| 1922 3204] 4699] 6407| 8116) 9825/11533] .s00 
D1 | .5351} .4162 .2497| .1703] .1249] .0986 
25 B 2552| 3280 5468] 8021] 10935| 13851 
D 1378] 1772 2952| 4330] 5905| 7480 
D1 | .6048| .4704].3849] .2822] .1924| .1411].1114 
26 B 2454[ 3154] 3855] 5257| 7712|10514|13318 
D 1274] 1638] 2002] 2730] 4004] 5460] 6915 
D1 | .6804] .5292] .4329| .3175] .2165| .1588] .1253). 1035] .0882 
27. | B | 2363| 3037| 3712] 5063| 7427/10125|12825|15525| 18225 
D | 1181| 1519] 1856] 2531] 3713| 5062| 6412| 7763] 9112] .900 
D1 | .7619| .5926] .4848| .3555| .2424| .1778] .1403].1159| .0987 |, 
28 B 2278| 2929] 3579| 4882] 7161| 9763|12367|14970| 17574 
D 1098| 1412] 1726] 2354] 3452] 4707} 5963] 7218} 8474] .933 
D1 | .8498] .6609] .5407| .3965| .2704| .1983| .1565].1293| .1101 
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TABLE XXIX—(Continued) 


Nominal Size 2x16 


L/39 


Actual Size 134x154 | 21445154 | 334x154 | 334x15)4 | 514x151 
Span 
t 

mis” | as | 6328 | sis7 | 9047 | 13562 | 19890 
Di| .ose2 | .0437 | .0357 | 0262 | 0178 | .433 

id B 6008 | 7723 giag | 12870 | iss77_| 
I< Fi |e coresd laveense fa ones | dageer deta ee ietaee 

15 B 5608 | 7208 Seog | 201g | a7ers | 
| Di|_.oses_|_.oorr_| 0519 | ‘oso3_| “tart | 500 

ie B 5257 | 6757 8258 | 11262 | 16517 
D | 5001 | 6546 8001 | 10909 | 16001 | .533 
Di| .1047 | .0815 | .o6e6 | 0489 | .0333 

i7 B 4948 | 6360 7772 | 10599 | 15546 
D | 4510 |- 5798 7087 9664 | 14174 | .566 
Di| .1256 | .0977_| .0799 | 0586 | 0399 

is B 4673 | 6006 4731 | 10010 | ~14682 
D | 4023 | 5172 6322 3620 | 12643 | .600 
Di] .1492 | .1160 | .0049 | .o696 | 0474 

19 B 4427 | 5690 6054 9484 | 13909 
D | 3610 | 4642 5673 7737 | 11347 | .633 
D1] .1754 | .1364 | .i116 | .osis | 0558 

20 B 4206 | 5406 6606 9009 | 13214 
D 3258 | 4189 5120 6982 | 10241 | .666 
pi} .2016 | .1591_ | .1302 | .0955 | .0651 

2 B 4006 |~ 5148 6292 8580 | 12585 
D 2956 | 3800 4644 6333 | 9289 | .700 
Di| .2368 | .1842 | .1507 | .1105 | 0753 

Ta ale 3824 | 4914 6006 8190 | 12012 

D 2693 | 3462 4232 5770 | 8463 | .738 
D1 | ~-.2723 | .2118 1733 1271 0866 

OF B 3657 | 4701 5745 7334 | 11490 
D | 2464 | 3168 3872 5280 | 7743 | .766 
Di] .3112 | .2490 1980 1452 | .0990 

om B 3505. | 4505 5505 7508 | 11012 
D 2263 | 2909 3556 4849 7112 | .800 
D1| .3535 | .2750 | 2250 1650 1125 

D5 B 3365 | 4325 5285 7208 | 10571 
D 2083 | 2681 3277 4469 | 6554 | .833 
D1{ .3996 | .3108 | .2543 | 1865 | 1971 

26 B 3235 | 4159 5082 6930 | 10164 
D 1928 | 2479 3030 4132 6060 | .866 
D1] .4495 | .3496 | .2860 | .2099 | .1430 

oy B 3116 | 4004 4804 6674 9788 
D i7ss | 2299 2810 3831 5619 | .900 
Di} 5034 | .3915 3203 2349 | .1602 

33 B 3004 | 3861 4719 6435 | 9438 
D 1663 | 2137 2612 3562 | 5225 | .933 
D1] .5614 | .4367 | .3573 | .de90 1786 

or) B 2001 | 3728 4556 6214 | 9113 
D 1550 | 1993 2436 3321 | 4871 | .966 
Di] .6238 | .4851 3969 | 2911 1984 

30 B 2804 3604 4404 6006 8809 
D 1448 1862 2276 3103 4551 1.000 
Di! .6005 | .5371 | .4304 3292 
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TABLE XXIX—(Continued) 


Nominal Size 


Actual Size 


Span 
in Feet 

27125 34359 41590 48825 56056 
.0131 .0103 .0085 .0073 .0063 -433 

14 | 25741 32605 39469 46334 53199 
.0164 0129 -0107 -0091 .0079 .466 

15 | B 24025 40431 36838 43245 49652 
D .0201 0159 .0131 -0112 .0097 .500 

16 B 22524 25829 34536 40542 46549 
D 21820 27638 33457 39275 45094 -533 

D .0244 -0193 0159 -0136 -0118 

17 B 21198 26851 32504 38157. | 43811 
D |° 19328 24482 29636 34791 39945 - 566 

D .0293 0231 -O191 0163 ec Olea ae 

18 B 20021 25359 30698 BEY. I) Mle Dull ee 

D 17240 21837 26435 31032 35630 

D1 .0348 0275 .0227 .0193 .0168 

19 B 18967 24025 29083 34141 39199 

D 15473 19599 23725 27852 31978 

iBbE .0409 . 0323 .0267 0227 Pee OL ie ome 

20 B 18019 22824 27629 32434 iaro723 0) mn ee 

D 13965 17688 21412 25136 28860 

D -0477 .0377 .0311 0265) 202381] 

21 B 17161 21736 26313 30889) 35466 | 

D 12666 16044 19422 22799 26177 

D -0553 .0436 0360 .0307 O20 708) ae 

22 B 16381 20749 25117 29485 | 33854 | 

D 11541 14618 17696 20774 - 23851 

D1 0635 .0502 .0414 -0353 .0307 

B 15668 19846 24025 28203 32382 

23 D 10559 13375 16191 19006 21822 

D .0726 .0573 .0473 040327 eeOS5L 5 a = 

24 B 15015 19019 23024 2702 Sea a LOSS ill meee 

D 9698 12283 14869 17456 20042 

D .0825 .0651 0538 .0458 ee OLLS eae 

25 B | 14415 | 18259 | 22103 | 25947 | 20701 | 

D 8938 11320 13704 16087 18470 

D 0932 .0736 0608 .0518 ee OLD Ue es 

26 B 13861 17556 21235 24949 | 28646 | 

D 8263 10466 12670 14873 17077 

D1 1049 .0828 0684 .0583 Ee OOO Nal tem 

21 B 13347 16906 20466 24025 | 27584 | 

D 7662 9706 11749 13792 apene 

D1 1174 0927 .0766 0652 

28 B 12870 16302 19735 23167 epee 

D 7125 9025 10924 12825 14724 

jy 1310 1034 0854 0728 —~o 

29 B 12427 15740 19054 23368 

D 6642 8413 10184 11952 i3e28 

D1 .1455 1149 .0949 080955 | 0708 7 | 

30 B 12012 15216 18419 21622 | 24826 | 
D 6202 7862 9517 11172 12827 |1.000 

D1 -1611 1272 .1051 .0895 0779 
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TABLE XXIX—(Continued) 


Nominal Size 2x18 24x18 3x18 4x18 6x18 


Actual Size |134x1714|214x17}4 | 234x174 | 334x174 516x1744|744x174| L/s0 


in Feet 
in Fee 
5 | HS.{ 7147| 9187] 11228 | 15312 | 22459 
__|_b1_]__.0599 |_.0466 |__.0382_|__.0279 | _.0191 
te |; B. | 6609{ 8613 | 10527 [ 14356 | 21055 
78 | Bi | ons Di_| .0728 |__.0566 | .0463 | .0339_|__.0231 
“7 |B. | 6305{ 8106 | 9908 | 13511 | 19816 
| bn | oer Di | .0873 |_.0679 |_.0555 |__.0407 |__.0278 
“Ts | B | 05954{ 7656 | 9356 | 12760 | 18715 
D 5790 | 7444 |» 9098 | 12406 | 18195 
__{_b1_|_.1036 |_.0806 |__.0659 |_.0483 | __.0329 
“9 | B | 5041 | 7253 | 8865 | 12089 | 17730 
D 5196 | 6681 | 8165 | 11134 | 16330 
Di | .1219 | .0948 | _.0775 |__.0569 | .0388 
20 | B 5359 | 6890 | 8421 | 11484 | 16844 
D 4690 | 6029 | 7369 | 10049 | 14738 
___|_D1_|__.1422 | .1106 | .0904 |__.0663 | __.0452 
“21 | B | 5104} 6562 | 8020] 10738 | 16042 
D 4254 | 5469 | 6684 | 9115 | 13368 
__ | Di _|_.1646 | .1280 | .1047 | .0768 |_.0523 
“22 | B | 4872] 6264 | 7656 | 10440 | 15312} 20880 
D 3876 | 4983 | 6090 | 8305 | 12180 | 16609 | .733 
__|_Di_|_.1892 | .1472 | .1204 |_.0883 | .0602 |__ .0441 
“23 | B | 4660{ 5991 | 7323 | 9986 | 14647 | 19973 
D 3546 | 4559 | 5572 | 7598 | 11144 | 15197 | .766 
Di_|_.2162 |_.1643 | .1376 | .1009 |__.0688 |__.0504 
“ea | B | 4406[ 5742 | 7018 | 9570 | 14036 | 19140 
D 3257 | 4187 | 5118 | 6978 | 10235 | 13956 | .800 
Di _|_ .2456 |_.1911 | .1563 | .1146 |__.0782 |__ .0573 
~25 | B | 4287] 5512 | 6737 | 9188 | 13475 | 18375 
D 3001 | 3859 | 4716 | 6431 | 9433 | 12862 | .833 
___|_ D1 _|_.2777 |_.2159 {__.1767 _|_.1296 | _.0883 |__.0648 
“26 | B | 41221) 5300 | 6478 | 8834 | 12957 | 17668 
D 2775 | 3568 | 4361 | 5946 | 8721 | 11892 | .866 
__|_D1_|_.3123 |_.2420 | .1987 |__.1457 | __.0994 |__.0729 
“27 | B | 3970} 5104 | 6238 | 8507 | 12477 | 17014 
D 2573 | 3308 | 4043 | 5514 | 8087] 11027 | .900 
___| D1 | _.3498 |__.2720 | 2226 | :1682 | .1113.]_ .0816 
72s |B | 38828) 4922) 6015 | 8203.{ 12081 | 16406.) 
D 2302 | 3076 | 3760} 5127 | 7520] 10254 | .933 
___|_Di_|_ .3902 | .3034 | .2482 | .1820 | _.1241 | __.0910 
“29 | B | 3006| 4752 { 5808 | 7920 | 11616 | 15841 
D 2230 | 2868 | 3505 | 4780 | 7010] 9559 | .966 
oJ) 21 Dt || 4.4884 [* 8371] 2758 | 2022 | 1379. | 4011 
“30 | B | 2573 | 4504 | 5014 [ 7656 | 11229 | 15312 
D 2085 | 2680 | 3275 | 4466 | 6550} 8932 |1.000 
__|_ D1 || __.4798 | .8732 | _.3053 | .2230 | .1526 | .1119 
“Si |B | 3457 | 4445 | 5433 | 7409 | 10867 | 14818 
D 1952 | 2510 | 3067 | 4183 | 6134] 8365 |1.033 
__| Di | .5204} 4117 |__.3869 |_.2470 | 1684 | _.1235 
32 | B | 3349| 4306 | 5263 | 7178 | 10527 | 14355 
D 1832 | 2355 | 2879 | 3925 | 5757 | 7851 {1.066 
D1 | .5823 | .4529 | .3621 | 2717 |_.1853 |_.1358 
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TABLE XXIX—(Concluded) 


Nominal 
Size _| 10x18 | 12x18 | 14x18 | 16x18 | isxis L/ 
Actual | 934x | 11x | 13}4x | 1534x | 17¥x 2 
Size 17% | 17% | 17% | 17% | 17% 
Span 
in 
Feet 
15 | HS| 38790 | 46959 | 55125 | 63290 | 71456 500 
Di | .0110 | .0091 | _.0077 | _.0067 } _.0059 
16 |B | 86367 | 4s024 | 51579 | 50336 | ~egu0 | AS | SBr25 
0134 | .0111 | 0094 | _.0082 | _.0073 Di|_.0047 |_ 638 
17 E [ 34227 41834 | 48639 | 55845 | 63051 87234 
D1 | ‘o161 | 0133 | 0113 | 0004 | -0087 | D1 | “oose | .566 
18 |B | 32326 | 39132 | 45938 | 52743 | 59549 | B | 82388 
D_ | 31428 | 38045 | 44661 | 51278 | 57894 | D1| .0066 | .600 
D1i| .0191 | .0157 | .0134 | 0117 | 0103 
19 |B | 30624 | 37072 | 43520 | 49960 | 56414 78051 
D_ | 28207 | 34145 | 400s | 46022 | Si901 | Di | “ours | .633 
___| D1 | “0224 | 10185 | .0158 | _.0137 | _.0122 
20 |B | 29094 | 35219 | 41344 | 47469 | 53504 Tage |, 
D_ | 25457 | 30816 | 36175} 41535 | 46894 72295 | .666 
D1 | .0262 | .0216 | 0184 | .0160 | _.0142 D1 0092 
21 |B | 27708 | 33542 | 30375 | 45208 | 51042 70618 
D_ | 23090 | 27951 | 32812 | 37673 | 42534 65574 | .700 
D1 | 0303 | -0230 | 0213 | 0180 | -o164 | Di | “oroy 
22 |B | 26449 | 32017 | 37585 | 43153 | 48721 | B | 67408 
D_ | 21039 | 25468 | 29897 | 34327] 38756 |D | 59748 | .733 
Di| .0348 | .0288 | 10245 | .0213 {| (0189 | D1] .0123 
23 |B | 25299 | 30625 | 35951 | 41277 | 46603 | B | 64477 
D_ | 19249 | 23301 | 27354 | 31407 | 35459] D | 54665 | .766 
D1 | .0398 | .0329 | 0280 | 0244 | 0216 | D1] .0140 
24 |B | 24245 | 29349 | 34453 | 30557 | 44061 | B | 61790 
D_ | 17678 | 21400 | 25122 | 28844 | 32566 | D | 50205 | .800 
D1 | .0452 | .0374 |_.0318 |_ 0277 |__.0245 | D1] .0159 
25 |B | 23275 | 28175 | 33075 | 37975 | 42875 | B | 59319 
D_ | 16292 | 19722 | 23152 | 26528 | 30012 [D | 46269 | .833 
D1] .0511 | .0422 | 0360 | 0313 | 0277 | D1|__.0180 
26. |B | 22379 | 27091 | 31803 | 36514 | 41226 | B | 57037 
D_ | 15063 | 18234 { 21406 | 24577 | 27749 [D | 42778 | .866 
D1|_.0575 | .0475 |_.0405 | _.0353 | 0312 | D1} 0202 
27_|B | 21551 | 20088 | 30025 | 35162 | 39699 | B | 64925 
D_ | 13968 | 16909 | 19849 | 22790 | 25731 | D | 39668 | .900 
D1 | .0644 | .0532 | 0453 | _.0395 | _.0350 | D1] 0227 
28 |B | 20781 | 25156 | 29531 | 33906 | 38281 | B | 52004 
D_ | 12988 | 15723 | 18457 | 21191 | 23025 | D | 36885 | .933 
D1|_.0718 | .0594 | 0506 | .0440 | _.0390 | D1} .0253 
29 |B | 20064 | 24289 | 28513 | 32737 | 36061 | B | 51137 
D_ | 12108 | 14657 | 17206 | 19755 | 22304 | D | 34385 | .966 
D1 | .0798 | .0659 | _.0562 | _.0489 | _.0433 | D1} 0281 
30 |B | 19396 | 23479 | 27562 | 31646 | 35729 B | 49432 
D_ | 11314 | 13696 | 16078 | 19460 | 20842 | D | 32132 |1.000 
Di | .0884 | .0730 | .0622 | _.0542 |_.0480 | D1] 0311 
31_|B | 18770 | 22722 | 26673 | 30625 | 34577 | B | 47838 
D_ | 10596 | 12827 | 15057 | 17288 | 19519 | D | 30091 |1.033 
| D1 | .0975 | .0805 | _.0686 | _.0598 | _.0529 | D1 sor 3 
32 |B | 18184 | 22012 | 25840 | 29668 | 33496 | B | 46343 
D | 9944 | 12038 | 14131 | 16224 | 18318 | D | 28240 {1.066 
D1} .1072 | .0886 | 0755 | _.0657 | _.0582 | D1 | 0377 
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TABLE XXX 


Maximum Bending Moments in Foot-Pounds for Yellow Pine Beams 
(Actual Size) 


Methods for calculating bending moments are shown in Fig. 15 to 15C. 


MAXIMUM BENDING MOMENT, IN FOOT- 
POUNDS 


ff ee, 


Nominal] Actual Fibre Fibre Fibre Fibre Fibre Fibre 
~ Size Size Stress Stress Stress Stress Stress Stress 
1200 Ibs.!1300 Ibs.]1400 Ibs.}1500 Ibs./1600 Ibs.|1800 Ibs, 


per Sq. | per Sq. | per Sq. | per Sa. | per Sq. | per Sq. 
In. In. In. 


In. In. In. 

2x4 154x 3% 356 385 415 | , 444 474 534 
4x4 Bees 3% 794 860 926 992 1058 1190 
4 x4 3x 3% 715 774 834 393 953 1072 
2a xaG 154x 5% 857 928 1000 1071 1143 1285 
21x 6 24x 5% 1134 1228 1323 1417 1512 1701 
3 7x 6 234x 514 1386 1501 1617 1732 1848 2079 
4 x6 35¢x 5% 1912 2071 2231 2390 2549 2868 
6 x6 54x 5% 2773 3004 3235 3466 3697 4159 
2X58 1%x 74% 1523 1650 1777 1904 2031 2284 
21x 8 24x 7% 2110 2285 2462 2637 2813 3165 
3 x8 234x 74% 2578 2793 3008 3222 3437 3867 
4x8 334x 716 3516 3809 4002 4395 4588 5174 
6 x8 54x 7% 5156 5585 6015 6445 6875 T7734 
8 x8 74x 7% 7031 7616 8202 8787 9373 10545 
2 x10 154x 9 2444 2648 2851 3055 3259 3666 
214x10 24x 9144 3384 3666 3948 4230 4512 5076 

234x 914 4136 4480 4825 5170 5515 6204 
4 x10 334x 916 5641 6110 6581 7050 7521 8461 
6 x10 54x 9% 8273 8962. 9652 10341 11031 12409 
8 x10 74x 94%} 11281 12221 13161 14100 15041 16921 
10 x10 944x 914) 14289 15480 16671 17862 19053 21435 


2 
asl 24x11% 4958 5271 5784 6197 6610 7436 


10 x12 944x114} 20939 22683 24429 29174 27919 31408 
12 x12 | 11}xll4| 25348 27460 29572 31684 33796 38020 


2 xil4 134x134 5316 5759 6202 6645 7088 T7974 
26x14 2144x13% 6834 7403 7972 8542 9112 10251 
3 xil4 234x13% 8353 9049 9745 10441 11137 12529 
4 x14 334x134] 11391 12340 13289 14238 15188 17086 
6 xl4 |- 54x13} 16710 18102 19495 20887 22280 25065 
8 xl4 Tiox13%| 22781 24679 26578 28476 | 30375 34174 
10 x14 9x13] 28856 31261 33665 36071 38474 43284 
12 x14 | 114x13%} 34931 37841 40753 43664 | 46775 52396 
14 x14 | 13)4x134] 41006 44423 47840 51257 54674 61508 


2 x16 134x154 7010 7594 8178 8762 9347 10515 
24x16 244x154 9010 9760 10512 11262 12013 13515 
3 x16 254x154] 11011 11928 12846 13763 14681 16516 
4 x16 334x154] 15016 16267 17519 18770 | 20021 22524 
6 x16 5exl54| 22023 23858 25693 27528 } 29363 33033 
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TABLE XXX—(Concluded) 


MAXIMUM BENDING MOMENT, IN FOOT- 
POUNDS 


Actual Fibre Fibre Fibre Fibre Fibre Fibre 
Size Stress Stress Stress Stress Stress Stress 
1200 Ibs.|1300 Ibs.|1400 Ibs.|1500 Ibs.|1600 Ibs.]}1800 Ibs. 
per Sq. | per Sq. | per Sq. | per Sq. | per Sq. | per Sq. 
In. In. In. In. 


SSS ee ee ee ee) ee Oe 


8 xl6 
10 x16 
12 x16 
14 x16 
16 x16 


2 x18 
2144x18 
3 x18 
4 x18 
6 x18 
8 x18 
10 x18 
12 x18 
14 x18 
16 x18 
18 x18 


20 x20 


744x154| 30031 32533 35036 37538 40041 45046 
914x154] 38039 41208 44379 47548 50719 57058 
11%x15%!| 46048 49885 53723 57560 61397 69072 
134%x15%] 54056 58560 63065 67569 72075 81084 
1544x154] 62065 67237 72409 77581 82753 93097 


134x174 8932 9676 10421 11165 11909 13398 
2144x174| 11484 12441 13398 14355 15312 17226 
234x174} 14036 15205 16375 17545 18715 21054 
334x17¥4| 19141 20736 22331 23926 25521 28711 
544x174] 28073 30412 32752 35091 37431 42109 
74ox174| 38281 41471 44661 47850 51041 57421 
914x174] 48489 52530 56571 60612 64652 72734 
114%x174| 58698 63590 68481 73373 78264 88047 
1344x174] 68906 74648 80390 86133 91875 | 103359 
1544x1744] 79114 85706 92300 98892 | 105485 | 118671 
1744x1714| 89322 96765 | 104209 | 111652 | 119096 | 133982 


1914x1914| 123580 | 133878 | 144176 | 164475 } 164774 | 185370 


YELLOW PINE COLUMNS 


Formulae for determining the strength of columns, both of wood 
and steel, exist in untold numbers and are about evenly divided between 
those of a theoretical and an empirical nature. The formulae for 
wooden columns do not vary greatly in results when applied with a 
uniform fibre stress in compression; and it is obviously beyond the 
limits of this book to consider them all. For this reason, two formulae 
have been selected, upon which various tables are based, one 
being what is known as a “CURVED-LINE” FORMULA, and the other 
a “STRAIGHT-LINE” FORMULA. 


Formulae 


U. 8. Department of Agriculture, Divisionfof Forestry. 


Bulletin No. 12. 


P=F (700+15c) + (700+15c+c’). : 
P—Ultimate strength in pounds per sq. in. 
F—Ultimate crushing strength of timber. 
c—L/d. 

The above is a “‘curved-line” formula. 


Winslow Formula 


Unit-stress per sq. in.—C (1—L/80d).. f 
C—Compressive strength per sq. in. with the grain. 
L—Length in inches. 

d—Least diameter, in inches. 


(Continued on page 232) 
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TABLE XXxili 
Deflection in Inches with a Load of 1,000 Pounds Uniformly Distributed 
on Yellow Pine Mill Floors 
(Actual size) 
Made of matched and dressed plank. 


In column headed L/;,, is given the deflection in inches which is 
one-thirtieth of an inch per foot of span. 

For a concentrated load of 1,000 pounds applied at the center of 
the span the deflection is 1.6 times that given in the table. 


Nominal 
Thickness} 2in. |244in.| 3 in. 4 in. 5in. | 6 in. 
Rea, ji L/ 2 
Actual 
Thickness| 15% in. | 214 in. | 25% in. | 354 in. | 45 in. | 55 in. 
Span in 
Feet 4 
4 .2072| .0926 .133 
5 .4047| .1810| .0960 0364 166 
6 .6993} .3127| .1659| .0630] .0303 .200 
7 1.1104 .4966] .2634| .1000| .0481 | .0267 | .233 
8 1.6572] .7413|) .3932| .1493} .0719 | .0399 | . 266 
9 2.3601] 1.0554] .5598| .2125] .1023 | .0569 | . 300 
10 3.93751 1.4478] .7679| .2916| .1404 | .0780 | . 333 
11 4.3090] 1.9270| 1.0221} .3881] .1868 | .1039 | . 366 
12 2.5017) 1.3269 5038| .2426 | .1348 | .400 
13 3 12806| 1.6870| .6406] .3084 |] .1714 | .433 
14 3.97271 2.1070| .8001| .3852 | .2141 .466 
15 2.5920| .9841| .4738 | .2634 | .500 
16 3.1450| 1.1943] .5750 | .3196 | .533 
17 1.4325| .6897 | .3834 | .566 
18 1.7004| .8187 | .4551 | .600 
19 1,9999| .9629 | .5353 | .633 
20 2..3326|1.1230 | .6243 | .666 
21 .7227 | .700 
22 8310 733 


STUD PARTITIONS 


Table (Page 231), pertaining to stud partitions, gives the weight 
and board measure per lineal foot of partition in plan, including a single 
top and bottom plate of same size as the studs. To these weights 
should be added the weight of plastering or other wall covering. 
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TABLE XXXIV 


Size 


Weight and Board Measure of Joist Construction 


Board measure based on nominal size. 


Weight based on actual size. 
Add weight of ceiling, floor, and roof finish. 
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TABLE XXXV 
Safe Loads on Stud Partitions 


Weight and strength based on actual size board measure based on 
nominal size. 


Add weight of plaster or ceiling. 
Single plate top and bottom included, same size as studs. 
Sarm Loap BASED oN STuDS BEING BRIDGED AT CENTER., 


PER LINEAR FOOT OF 


Distance 
Nominal Actual on Height, PARTITION 
Size Size Centers, Feet Safe Load,| Weight, 
Inches Pounds Pounds 
2x4 15253568 |e el | Oe hretze 
ae 83 ‘ 7% “oe 3 1 80 


oe ae ae 2631 
rs oe 


“a “ 


“ “ 


“ “ 
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(Continued from page 223) 


This formula is proposed by Mr. Benj. E. Winslow, Mem. Am. Soc. 
C. E.: taken from Winslow’s Tables (McGraw-Hill) and is a “straight- 
line’? formula which has many practical working advantages and was 
incorporated in the Chicago Building Ordinance passed December 
5, 1910. : 

; The work performed by wooden columns in buildings is under such 
simple and direct conditions of loading with square end bearings that 
the consideration and use of the more complicated theoretical formulae 
is not justified. The above formula has been extensively and satise 
factorily used. 


i 
——- -SPAN/----- 
i BEAM-- 4 


| BEAM--, / | 


Fig. 18. Double-Strut Trussed Beam. 


TRUSSED BEAMS 


Tables XXVI to XL give the safe load in pounds uniformly 
distributed on trussed beams supported at both ends. Tables 
XXXVI and XXXVII are for single-strut trussed beams as 
shown in Fig. 17; while Tables XXXVIII to’ XL are for double- 
strut trussed beams as shown in Fig. 18, the upper load for each 
depth of beam being for one rod of size designated, and the 
lower load being for two rods. 

The loads given will develop the safe strength of the rods, 
which is assumed at 14,000 pounds per sq. in., the rods not 
upset, and the area of the rod at the base of the thread being 
assumed as the net area. The loads given for two rods are 
double those given for one rod, as the loads are based on the 
strength of the rods. The timbers of standard sizes are pro- 
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TABLE XL 


Safe Load in Pounds, Uniformly Distributed, on Double-Strut 
Trussed Beams Supported at Both Ends 


The upper loads and timber sizes are for one rod; the 
lower, for two rods. 


Ag (2S SPAN 28 ft. SPAN 30 ft. 

sO) |= 35 

= Y SIZE OF | SIZE OF SIZE OF | SIZE OF 

ocd ake Loan | Beam | STRUT Loan | Beam | Srrer 
3250 | Sux 9% | 34=3% | 3,039 | 34x 9% | 3x3 

18| 6's09 | 33zx 9% | 35¢x3% | 6.078 | 3x 9% Beasts 

4.626 | 3x 9% | 3%4x3% | 4,333 | 345 9% | 34x34 
9,252 | 33x 954 | 314x3%% | 8,666 3x 94 eae 
5,958 | 33x 9% | 34x3% | 5,581 | 34x 9%] 3 x3% 
11016 | 357x 9% | 3%x3% | 11,162 3 of 3808 
7217 | 3%4=.9% | 34x3% | 6,781 | 34x 9% | 3x3) 
14°434 | 3Yx11% | 314x354 | 13,562 see 3258 
5,275 | 3% 9% | 3%x3% | 4,935 | 34x 9% 34x34 
7-509 | 3x 9% | 34x3% | 1033 | 34x 9% | 34x3% 
rso18 | Si4x11% | 354x354 | 14,066 | 546x11% 34x34 
9,611 | Sizm 9% | 314x3% | .9059 | 334x114 | 314x314 
19,342 | 8ifx11% | 354x314 | 18,118 | 5¥¢x11% |_3i4x3%4 
TL 714 | 54x 9% | 3%4x3% | UL118 | 34x14 | 34x31 
23'428 | 5izx11%4 | 3i4x3% | 22,236 | Sigxills |_334x3% 
7654 | Sis 9% | 34x34 | 1158 | 54x 9% | SAKE 
12308 | B52n11%4 | 3Gx3%4 | 147316 | 594x114 |_3%4x3% 
“40,895 | 5%4x 934 | 314x334 | 10,206 | 5%x 9} 3x3% 
21,790 oer 8 3%x3%% | 20,412 Seat 34x34 
“4,033 | 514x114 | 344x3% | 13,145 | S4xll%4 | 34x34 
28,066 | 534x133 |_34x3%4 | 26,290 | S4xl3%4 |_ 34x54 
16,008 | 54x14 | 314x3% | 15,972 | S4xlly | 34x34 
33'996 | 5'4x13%4 | 3i4x5%% | 31,944 | 5¥4x13%4 |_3%x34 
T0318 | Sail, | 34x3% | 9,650 | S4xilyg | 37x34 
30636 | B14x13% | 3% x31 | 19,300 | 5'6x13%4 |_3%4 x36 
14.687 | 5% xll% | 34x3% | 13,758 | 54xll4 | 34x3% 
29,374 Sees] Biix3ie | 27/516 | 5i4x15%4 | 34x31 
18.917 | 5i4x13% | 34x34 | 11,720 | 54x13% | 34x34 
37834 | Sizx15% | 354x554 | 35,440 | Sigxl5%4 |_3%4x5%4_ 
2,014 | 514x134 | 34x34 | 21,531 | $%x13% | 34x34 
45.928 | Tigxisig | 3%x5%¢_1 43,062 | 7i4x15¥4 | 34x54 


portioned to these loads, allowing a safe bending fibre strain 
of 1,800 pounds per sq. in.; and in no case will the crushing 


strain exceed 1,000. pounds per sq. in. 
The washers at ends of rods should have the following 


areas to provide sufficient bearing on the timbers: 


%,-in. diameter rod= 4.6 sq. in. area. 
%-in. diameter rod= 6.5 sq. in. area. 
{4 -in. diameter rod— 8.5 sq. in. area. 
1%-in. diameter rod— 9.9 sq. in. area. 
1%4-in. diameter rod—13.8 sq. in. area. 
13-in. diameter rod=16.5 sq. in. area. 
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Fig. 19. Standard Mill Gonstruction—General Framing Plan. 
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14%4-in. diameter rod—20.1 sq. in. area. 
154-in. diameter rod—23.5 sq. in. area. 
1%-in. diameter rod=27.1 sq. in. area. 

Where double rods are used, the washers must have twice 
the areas given above and be made of steel or wrought-iron 
plates of sufficient thickness not to bend or shear. 

It is understood that these beams are secured against 
lateral deflection by floors, roofs, or other means. 

The nuts on the rods,should not be screwed up too hard, 
as any initial strain produced by this means reduces the effec- 
tive strength for the applied load by the amount of this initial 
strain. 


STANDARD MILL CONSTRUCTION 

The succession of heavy fire losses each year is the penalty 
which this country is paying for the erection of light, cheap, 
and poorly designed buildings. The cost of fire insurance is 
a direct yearly tax on the building and its occupants. It is 
the duty of those responsible for the design of buildings, to 
plan them so that this tax may be the smallest possible, and 
this can be done often without any great increase in the cost 
of the building itself. 

According to tests made by the Boston Insurance Engi- 
neering Experiment Station, it has been clearly shown that, 
all things considered, the mill or slow-burning type of con- 
struction is to be recommended for most factory and ware- 
house buildings. In cases where the contents will be extra 
inflammable and very great loss to life and property is at 
risk, the extra expense of the thoroughly fireproof reinforced 
concrete structure is warranted. 

In order that there shall be no misunderstanding of what 
is meant by mill construction, we shall say that it consists in 
disposing the timber and plank in heavy solid masses SO as 
to expose the least number of corners or ignitable projections 
to fire. Also, it consists in separating every floor from every 
other floor by fire stops. - 

The essential features of standard mill construction are 
illustrated in Fig. 19, and are briefly as follows: 

1. The walls should be of brick or concrete block, at least 
1 ft. thick (16 in. for pest work) in top story, and increased 
in thickness at lower floors to support additional load. The 
pilastered wall has many advantages, and is often preferred 
to the plain wall. Window and door arches should be of 
brick; window and outside door-sills and underpinning, of 


granite or concrete. 
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2. The roofs should be of 3-in. pine plank, spiked directly 
to the heavy roof timbers and covered with 5-ply tar and 
gravel roofing. Roofs should pitch % to % in. per foot. An 
incombustible cornice is recommended when there is exposure 
from neighboring buildings. 


3. Floors are best made of spruce plank 4 in. or more in 
thickness according to the floor loads, spiked directly to the 
floor timbers and kept at least % in. clear of the face of the 
brick walls. In floors and roof, the bays should be 8 to 10% 
ft. wide; and all plank two bays in length, laid to break 
joints every 4 ft., and grooved for hardwood splines. Usually 
top floor of birch or maple is laid at right angles to the 
planking; but the best mills have a double top floor—the 
lower one of soft wood laid diagonally upon the plank, and the 
upper one laid lengthwise. This latter method allows boards 
in alleys to be easily replaced when worn; and the diagonal 
boards brace the floors, reduce vibration, and distribute the 
floor load even better than the former method. 


Between the planking and the top floor should be two or 
three layers of heavy tarred paper, laid to break joints, and 
each mopped with hot tar or similar material to produce a 
reasonably water-tight as well as dust-tight floor. 

Rapid decay of basement or lower floors of mills makes 
it desirable, whenever wood is not absolutely necessary, to 
provide cement floors for these places. If wooden floors are 
required, crushed stone, cinders, or furnace slag should be 
spread evenly over the surface, and covered with a thick 
layer of hot tar concrete, 6n which is often laid tarred felt, 
well mopped with hot tar or asphalt. On this a floor of 2-in. 
seasoned plank should be pressed, nailed on edge without 
perforating the waterproofing under it, and the hardwood top 
floor boards nailed across the plank. Cement concretes, it is 
claimed, promote decay of wood in contact with them. If 
extra support is required for heavy machinery, independent 
foundations of masonry should be provided. 

4. In regard to timbers and columns, it should be remem- 
bered that all woodwork in standard construction, in order 
to be slow-burning, must be in large masses that present the 
least surface possible to a fire. No sticks less than 6 in. 
in width should be used, even for the lightest roofs; and for 
substantial roofs and floors, much wider ones are needed. 
Timbers should be of sound Georgia pine; and for sizes up to 
14 by 16 in., single sticks are preferred; but timbers 7 or 8 
by 16 in. are often used in pairs, bolted together without air- 
space between. They should not be painted, varnished, or 


SEE 
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filled for three years, because of danger of dry-rot; and 
an air-space should be left in the masonry around the ends, 
for the same reason. Timbers should rest on cast-iron plates 
or beam boxes, in the walls, and on cast-iron caps on the 
columns. 

Beam boxes are of value, as they strengthen the walls 
when floor loads are heavy and distance between windows 
small; they facilitate the laying of the brick and the handling 
of the beams; and there is less possibility of breaking away 
the brick in putting the beams in place. They also insure a 
proper air-space around beams. 

Columns should be set on pintles, which may be cast in one 
piece with the cap, or separately, as preferred. Columns of 
cast-iron are preferred by some engineers, and, when the 
building is equipped with automatic sprinklers, have proved 
satisfactory, but are not so fire-resisting as timber. Wrought- 
iron or steel columns should not be used unless encased with 
at least 2 in. of fireproofing. 

One of the most important features of slow-burning con- 
struction is to make each and every floor continuous from 
wall to wall, avoiding holes for belts, stairways, or elevators 
to the utmost extent possible, so that a fire may-be confined 
to the floor where it starts. No well-informed mill owner, 
engineer, or builder, therefore, will fail to locate elevators 
and stairs, as well as main belts, in brick towers or in sec- 
tions of a building cut off by incombustible walls from all 
the rooms of a factory. Openings in these walls should be 
provided with fire-doors, preferably self-closing. These should 
be hung on heavy, inclined, solid steel rails at least 3% in. 
by % in., and balanced by a weight held by a fusible link. 

In modern practice all belts and ropes which may be used 
for transmission of power to the various rooms are placed 
in incombustible vertical belt-chambers, from which the power 
is transmitted by shafts through the walls into the several 
rooms of the factory. There should be no unprotected or un- 
guarded openings in the inner walls of this belt-chamber. 


TRUSS CONSTRUCTION 


The principle of a truss is theoretically a number of 
straight bars joined near their ends by flexible joints, and 
arranged so that all their internal stresses are sustained by 
its members, and only the vertieal pressures (the weights of 
the truss and its load) are transmitted to its abutments. 
Trusses differ from solid beams inasmuch as the weight of 
the truss and its load may be regarded as divided into por- 
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tions which are concentrated at the joints between the mem- 
bers, and which act through the centers of gravity of their 
cross-sections. So placed, the stresses caused by them could 
not act transversely of the members, as in a beam, causing 
secondary stresses, but must act longitudinally of the mem- 
bers, and must be uniformly distributed over their entire 
cross-sectional areas. This is the distinguishing feature of all 
trusses; while in a solid beam, when it bends under its load 
or its own weight, all the fibres above the neutral axis are 
compressed, and all those below are extended, the resulting 
change of length in each fibre being proportional to the dis- 
tance of the fibre from the neutral axis. 

Most of the trusses in common use consist of two long 
members, called chords, extending the entire length of the 
span, and connected by web members, which are sometimes 
all inclined and sometimes alternately vertical and inclined. 
Inclined web members are called diagonals, such web mem- 
bers being known as ties and struts. A member sustaining 
tension is called a rod or tie; and one sustaining compression 
is called a strut or post; while one capable of sustaining both 
tension and compression is called a tie strut. 


secricon, 


Fig. 20. Cheap Plank-Framed Truss. 


Plank-Framed Truss. A plank-framed truss is very popular 
where a cheap truss is wanted to support a roof of say 40-ft. 
span, as for a hall. Fig. 20 shows a well-designed built-up 
truss of satisfactory and at the same time cheap construction, 
for such a purpose. The wind and snow load on a roof of 
this kind is a factor that has to be considered. Such trusses 
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will prove amply safe for a 40-ft. span. They shall be set in 
16-ft. bents. The expensive large-dimension timbers are not 
used, the different members being built up of 2 by 10 and 2 
by 12-in. pieces, spiked together to break joints as specified 
on the drawing. 

ONE HALF ELEVATION OF A LICHT TRUSS 


FOR A ROOF COVERED WITH 


GALVD SHEET IRON. 


Detasl of splice in tie beam 


Hardwood 


Fig. 21. Light Truss for 100-Foot Span. 


Light Truss for 100-Foot Span. In designing trusses of 
wide span such as those used to support temporary roofs of 
light construction, the same principle of triangulation is car- 
ried out as for very small trusses. Carpenters sometimes 
overlook this; and, in their amazement at the width of span, 
trying to arrange framing adequate to the task, lay out a 
series of members not a truss at all, but a number of quadri- 
lateral panels which offer little resistance to change of form, 
and which would easily be racked by an extra force acting on 
one side, such as a gale of wind. 

Fig. 21 shows a good form for a long-span truss. For 
the bottom chord (tie-beam), two pieces of 9-in. by 4-in., at 
least, will be necessary. The splicing of the pieces to obtain 
length enough for the span will reduce the sectional area con- 
siderably, and must be allowed for. The system of tension 
rods and struts must be carried out carefully as to joints. 
The blades or rafters (top chords) should be of two pieces 
of 8-in. by 3-in., blocked and bolted together at frequent inter- 
vals. The sizes of the other members are shown in the dia- 
gram. It is very much better to use iron rods for all the 
tension members as shown. If wood is used, straps and bolts 
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at top and bottom of each member will be required, to hold 
up the weight of tie-beam and thrust of strut. If the rods 
are upset at the ends, and a plus thread cut upon them, 
slightly smaller iron can be used. 

It is usual to allow on trusses of this description a camber 
of half an inch for every ten feet of span. Five inches may 
seem a lot for this truss, but is none too much when the 
number of joints is considered. 
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Fig. 22. Lattice Truss for Long Spans. 


A Lattice Truss. A cheap truss for broad spans is the 
lattice truss, built up out of light timbers which can be had 
in any lumber yard. It is easily constructed. Fig. 22 shows 
such a truss of 60-ft. span. No unsightly rods are required to 
keep the side walls from spreading, since, in this form of 
truss, the truss itself acts as a tie, and, when properly 
anchored, there can be no tendency to crowd the walls out. 
Six trusses, exclusive of the ends, will be sufficient for a 
building 80 ft. long, which would call for a spacing a little 
less than 12 ft. on centers. 

The covering for this form of roof may be of almost any of 
the roofing materials, aside from the gravel-coated, as’ the 
inclines at the sides are too steep to stand for any great 
length of time the wind and wash that the gravel roof would 
be subjected to. 


nde 


Roof Construction 


Types of Roofs. Figs. 23 to 28 show types of roofs used 
in ordinary construction. The “lean-to”. or “shed” roof 
shown in Fig. 23 is the simplest type to build. An extreme 
ease of this roof would be the ordinary fiat roof having but 
small slope. 

Fig. 24 shows the common “pitch” or V-shaped roof. This 
is easily built and of relatively low cost. 


Fig. 23. Shed Roof. 


The “gambrel” roof, shown in Fig. 25, gives more space 
for the same span than the pitch roof, and is used where 
attic room is a feature. A special type of the gambrel roof 
is the “mansard” roof, the difference lying in the slope of 
the first pitch. 

The “hip” roof shown in Fig. 27 slopes back at the ends 
as well as at the sides. When this type of roof has a flat 


Fig. 24. Pitch Roof. 
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Fig. 25. Gambrel Roof. 
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Fig. 26. Mansard Roof. 


Fig. 27. Hip Roof. 


top as shown in Fig. 26, it is called a “deck” roof. A hip 
roof is cheaper than a roof with gables, and a deck roof is 
still cheaper for buildings over 80 feet in width. 

Slopes or Pitches of Roof. The “pitch” of a roof is the 
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angle of slant between the rafters and a horizontal plane. A 
common way of expressing this quantity is to give the ratio 
of the rise of ridge to the span of walls, or the rise of the 
rafters in inches for each foot of half-span. For instance: 


Two-thirds pitch — 16 inches rise in 1 foot-horizontal 
Half-pitch = a y4 “ce ce ee “é “ “eé 
One-third pitch = 8 “* a ath aN oe 
One-fourth pitch = 6 “ oS om Some SS es 


Fig. 28. Flat Roof. 


The lowest pitches for safety, giving fall in inches per 
foot horizontal, in shingle, slate, and tile roofs, are as fol- 
lows: 


Shingles, cedar, 414-in. gauge.............00. 6 inches 
Shingles, cypress, 414-in. gauge.............. 6 inches 
Shingles, asbestos, 5-in. gauge ............. 6 inches 
Slate, 8x16x3/16 inches, 6%-in. gauge....... 5 inches 
Slate, diminishing courses ...........++es. 5 inches 
Tile, Spanish, 5%4-in. gauge..... ona farce iatetore latte 12 inches 
Tile, shingle,, 5-In. gauge......<..2seecsecdes 12 inches 
PLING, ee INCETLOGKIM Oy fois oxsee or: snes oie loco ceacteleiones 6 inches 
Tile we mMetalw tine PAINE yh ctetacsicis:ocste6/e1e'eue sf oveueyees 6 inches 
ile SMCtal ss CODDEIM atin cikertie «chee chose sheceit herons 6 inches 


Life of Roofing Materials. The average number of years 
of service of various kinds of roofing materials may be judged 
from the following: 

Cedar shingles will last from 12 to 15 years; cypress 
shingles, 30 years or more; painted tin, about 25 years; 
while slate, asbestos shingles, and tiles are practically per- 
manent. 

SHINGLE ROOFS 

Size of Shingles. Ordinary roofing shingles vary in width 
from 2% to 14 inches. They are 16 inches long, and about 
5/16 inch in thickness at the butt. Such shingles are put 
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up in bundles of four to the thousand, where a “thousand” 
common shingles is the equivalent of 1,000 shingles 4 inches 
wide. Cypress shingles are about 18 inches long, and 7/16 
inch thick at the butt. 

Dimension “singles are either 4, 5, or 6 inches in width, 
and may be obtained with the butt sawn to various pat- 
terns. 

Method of Laying Shingles. The amount of a shingle 
which is exposed to the weather will depend upon the slope 
of the roof and the kind of shingle. Where the rise of the 
roof is 8 or 10 inches to the foot, cedar shingles should be 
laid 4 to 4% inches to the weather. If the rise is between 
10 and 12 inches to the foot, they should be laid 4% to 4% 
inches to the weather; but on steeper roofs they may be laid 
414 to 5 inches to the weather. 

In wall work, cedar shingles may be laid 5 inches to the 
weather. 

In roof work, the first course at the eaves is generally a 
double course; but the other courses are laid single. The 
courses of shingles should -be lapped so that about one-third 
of the length of the shingle will be exposed, and each course 
should be laid so as to break joints at least 1 inch. Each 
shingle is secured by two threepenny nails placed about 8 
inches from the butt of the shingle. 

Cost of Shingle Work. Table XLI shows the number of 
square feet of roof covered by 1,000 shingles when laid with 
different exposures to the weather. 


TABLE XLI 
Covering Capacity of Shingles 


Number of Square Feet of Number of Shingles Requi 

eos Roof Covered by 1,000 Shingles for 100 Baware BCot eee 

oO Bette at eA Calan ent Petits Tar ee 
Weather 4 In. Wide 6 In. Wide 4 In. Wide 6 In. Wide 

Inches sai 
167 900 6 

44% 118 177 847 Bb 

41% 125 188 800 534 

5 139 208 720 480 

5% 153 230 650 437 

6 167 250 600 400 

7 194 291 514 343 

8 222 333 450 300 


In the above table no allowance has been made for waste. 
On plain work, allow about 6 per cent for waste; and on ir- 


regular work, such as hip roofs or where there are dormer 
windows, allow 10 per cent. 
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If 5-inch dimension shingles are to be estimated, the fol- 
lowing rule may be followed: 

For 4 inches to the weather, multiply the width (5 inches) 
by the exposure (4 inches), and divide 14,400 (sq. in. in 100 
sq. ft.) by this product. The result will be the number of 
shingles required for 100 square feet of surface. 


5 X 4 —20 square inches; 
14,400 (sq. in. in 100 sq. ft.) s 
ee 2) HINGIS) In 100) Sas Et: 
20 sq. in. 


If it is desired to know how many square feet of surface 
will be covered by 1,000 5-inch dimension shingles laid 4 
inches to the weather, multiply the width of shingles (5 
inches) by the exposure (4 inches), and this again by 1,000; 
then divide this product by 144, the number of square inches 
in a square foot. 


5 X 4 X 1,000 — 20,000 sq. in. in 1,000 shingles; 
20,000 sq. in. 
——_____—————- = _ 139 sq. ft. covered by 1,000 shingles. 
1442 (sq. in. in sq. it.) 


The percentage for waste as indicated above should be 
allowed in both of these cases. 


720 X 1.06 = 763 shingles (plain work); and 
1,000 — 60 (6 per cent. of 1,000) = 940 
940 kX 5 X 4 = 18,800 
18,800 


= 130 sq. ft. covered by 1,000 shingles, allowing 6 per 
144 cent for waste. 


Other percentages of waste may be figured in this same 
manner. 

The labor charge should be based on 1,500 to 2,000 
shingles per man in an 8-hour day on plain work, or 1,000 
shingles per day on irregular wark. 

The cost of nails may be estimated by allowing 5 pounds 
of threepenny or 714 pounds of fourpenny nails for each 
thousand shingles. 


SLATE ROOFS 


Slate is mined along the Blue Ridge Mountains in Penn- 
sylvania, Virginia, Maryland; also in Vermont and New York. 
By far the greater bulk of the output used in the United 
States comes from these regions. Naturally the cost of slate 
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varies in different parts of the country, according to freight 
rates. 

As a general principle, it may be said that, since the 
advance in the price of lumber and shingles, a slate roof can 
be put on for about the same as, or a little more than, a 
first-class shingle roof. 

Slate comes in various colors, generally classified under 
the trade terms, Black, Sea Green, Mottled, Unfading Green, 
Unfading Red. The last two are mined in rather limited 
quantities, and are naturally the highest in price. 

Where it is desired to produce a fancy effect, sometimes 
green or red slate, or both, are used in black slate roofs 
to produce geometrical and other patterns. Ornamental ef- 
fects are also produced with slate all of the same color, by 
trimming the exposed corners, either in every layer or in 
layers at certain intervals. 


Sizes of Slate. The sizes of slate vary from 6 by 12 
inches up to 24 by 44 inches. The common sizes in general 
use vary from 6 by 12 inches to 12 by 18 inches. The sizes 
best adapted to plain work are the large varieties such as 
12 by 16 in. or 12 by 18 in. For roofs with small sections 
of area, the smaller slates are used to better advantage. 

Table XLII gives the common sizes of slates and the num- 
ber required per square of 100 sq. ft., when a 38-inch lap is 
used. , 

Fig. 29 shows the method of determining the lap, gauge, 
and bond in slate work. 

The thickness of slate varies from % to 3% inch, but the 
usual sizes are full 8/16 inch in thickness. 


Rules for Measurement. The following are the standard 
rules for measuring slate work: 


For Plain Roof—Measure the length of the roof, and 
multiply by the length of the rafter. 

For Roof with Hips, Valleys, Gables, Dormers, ete.— 
Measure each section through the center, and multiply by 
length of rafters; and in addition to the actual surface of 
roof, measure the length of all hips and valleys, allowing 1 
ft. width for these; also add in, for the first or eave course, 
measuring what this course shows to the weather, and mul- 
tiplying by the length of eaves to get the area. In some 
localities this rule is not adhered to strictly, but hips and 
valleys are always measured wherever slate is used. 


The extra measure on eave course is to compensate for 
lost time in starting and laying the under-course at the eave, 
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which does not show or count in the surface measure. The 
extra measure on hips and valleys is intended to compensate 
for extra labor and loss of material in cutting, fitting, and 
laying same. 

No deduction is made for dormer windows, skylights, chim- 
neys, etc., unless they measure more than 4 ft. square. If 
more than 4 ft. square and less than 8 ft. square, one-half 


Fig. 29. Lap, Gauge, and Bond in Slate Roofing. 


is to be deducted. If more than 8 ft. square, deduct the 
whole. The reason for not deducting the whole of all open- 
ings, is the extra work in cutting and fitting the slate and 
putting in the finishings. Hips and valleys on spires are 
measured extra, same as above. If hips are mitered and 
flashed, they should be charged for extra. If ridge-roll is 
put on, it is charged extra. Gutters, valleys, and all flashings 
are charged extra. 

It should always be remembered, in measuring roofs, that 
if the pitch of the roof is the same, size of building and 
projections the same, the mere fact that there are hips and 
valleys does not add to the surface of the roof. As an 
example: Two buildings of the same size may be roofed— 
one with plain pitch and gable roof (that is, two plain 
sides); and the other may have four hips, four gables, and 
eight valleys. If both roofs are the same pitch, the roofs 
will measure exactly the same, and two measures are av 
that are necessary in measuring either—that is, the length 
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of one eave and the length over both rafters, except that the 
extra measure on hips and valleys would have to be added 
on he cut-up roof. : 

Method of Laying Slate. Slate may be laid either on 
regular sheathing, or on roofing strips 2 to 3 inches wide 
and 1 to 1% inches thick, fastened onto the rafters of the 
building at a distance apart corresponding to the gauge 
of the slate. 

Where sheathing is used, a layer of tarred roofing felt or 
waterproofed paper is placed over the sheathing to act as 
a cushion for the slate. 


Fig. 30. Usual Method of Marking Headlines, Previous to 
Laying Slate. 


Slating is started at the eaves, working upward, and laid 
with a 38-inch lap. That is, the top slate of the third course 
above, will overlap by 8 inches the slate of the first course 
below, as shown by Fig. 30. For this reason the eave course 
is only a little longer than half the length of the slate put 
on the rest of the roof. This is frequently accomplished by 
laying the slate in the eave course lengthwise. The lower 
end of this eave course slate should extend about 1% inches 
or so beyond the eaves, and the course of slate should end 
flush with this edge, thus producing a double layer. 

In this manner there is a double layer of slate all over 
the roof, and a threefold layer near and over the horizontal 
joints. As to vertical joints, the rows always break bonds. 

A good practice is to trace out, with a carpenter’s pencil 
or chalk, the lines along the roof surface where the various 
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* courses are to be nailed to the rafters or the sheathing, as 
shown by Fig. 30. 

In order to allow the second course, the one above the 
eave course, and naturally all the following courses, to lie 
right, it is well to nail a cant strip along the eave before 
starting to slate. 

Each slate is fastened with two 3d. or 4d. nails; the 
holes therefor being punched by the roofer on the premisés 
or else at the quarry. A foot-power slate-punching machine 
will punch the nail-holes and at the same time trim the cor- 
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Fig. 31. Method of Slating in Open Valley. 


ners. These machines are easily portable, and are frequently 
carried around to the various building premises by the slater. 
The holes are naturally so located as to allow for the 3-inch 
lap, no matter what the size of the slate, and placed about 
1 inch from the side edges. 

The nails ghould not be driven perfectly tight; this is so 
as not to interfere with the elasticity of the slate roof. 
Owing to its many small component pieces, it adapts itself 
readily to the vibrations of the wind, the sagging of the 
building, etc. 
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Of course the nail must not be allowed to project above 
the surface of the slate, in which case it would damage 
the overlying slate. Galvanized or copper nails are prefer- 
able, owing to their weather resistance. 

As the courses of slate approach the ridge, a slight varia- 
tion in lap is permissible so as to finish at the ridge without 
cresting. 

The ridges and valleys of a slate roof are generally of 
metal. Flashings should extend well in under the slate to 
keep out the possible “back-flow” of water from heavy rains. 
Fig. 31 shows method of slating in open valley. 

The top course of slate on the ridge, as. well as the slate 
for 2 or 3 feet from gutters and at least 1 foot from valleys 
and hips, should be set in elastic cement. 

Cost of Slate Roofs. The cost of slates will vary with 


TABLE XLII 
Number of Slates and Nails for 100 Square Feet of Roof 


: Weight of 
Size Exposure Number to Galvanized Spacing 
Inches when Laid 100 Sq. Ft., Nails of Lath 
Inches 3-In. Lap Pounds 
14x24 10% 98 1% 10% 
, 12x24 10% 114 1% 10% 
12x22 91% 126. 134 91% 
11x22 91% 138 4d)2 9% 
12x20 8% 141 2 84 
10x20 8% 170 2% 8% 
12x18 7% 160 1% v. 
10x18 7% 192 214 73 
9x18 7% 213 2% 7% 
12x16 6% 185 2% 6% 
10x16 61% 222 2% 6% 
9x16 6% 246 3 6% 
8x16 614 277 3a|31% 6% 
10x14 516 261 3 5% 
8x14 5% 327 334 5% 
7x14 5% 374 41g 5% 
8x12 4% 400 45% 4% 
7x12 41% 457 5 4% 
6x12 414 533 6 416 
8x10 3% 514 5% 3% 
7x10 3% 588 634 314 
6x10 3% 686 7% 31% 


To determine the number of pieces to a square of any 
size slate not given, first deduct 3 inches from the length; 
divide this by 2; multiply by the width of slate; and divide 
the result into 14,400. 

For example, for 20x10-in. slate, we should calculate as 
follows: 20 —3=17; 17 ~ 2 = 8%; 81% X 10 = 85; 14,400 
— 85 = 170 pieces required per square. 
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the Jocality where bought, and the size, color, and quality 
, of material. Medium sizes cost the most, while the larger 
and smaller sizes cost the least. The cheapest roof is made 
from the larger sizes. 

The labor charge may be based upon 1% to 2 squares of 
Slate per day of 10 hours per man. 

Where elastic cement is used, the cost of that part of 
the roof which is laid in cement will be increased $1.50 or 
$2.00 per square. 

Table XLII shows the sizes of slate and the number of 
pieces per square of roof; the exposure to the weather on 
the roof when laid with standard 3-inch lap; the quantity 
of nails needed per square; and the spacing of lath used 
in laying. 

TABLE XLIII 


Weight of Slate Required for One Square of Roof 


Length WEIGHT IN PoUNDS, PER SQUARE, FOR THE THICKNESS. 


Te | bzdeoe nena oe a Le Se 
Inches | in. | 3 in. | 4 in. | 34 in.| Win. | % in. | 34 in. | Lin. 


24 412 616 825 | 1238 | 1655 | 2066 | 2478 | 3307 


26 408 610 815 | 1222 | 1630 | 2039 | 2445 | 3265 
TABLE XLIV 


Weight of Slate per Square Foot 


‘Thickness (In.)...........}%|%|w|] %|wI| % I % 1 
Weight (Lbs.)............{1.80|2.70|3.62|5.47)7.25|9.06/10.9/14.5 


TIN ROOFING 


Kinds and Sizes of Plates. Tin plates for roofing are 
made by coating flat iron or steel sheets with tin or with 
an amalgam of lead and tin. The tin-coated plates are re- 
ferred to as bright tin plate; and these coated with the mix- 
ture’ or amalgam are called terne plate. Terne plates should 
not be used on a roof if corrosive gases are present in the 
air. 


TABLE XLV—Flat-Seam Tin Roofing—Number of 14x20-In. 
Sheets Required to Cover Various Areas. 

A sheet of 14 by 20-in. with %-in. edges measures, when 
edged or folded, 13 by 19 in., or 247 sq. in.; but its covering ca- 
pacity when joined to other sheets on the roof is only 12% by 
18% in., or 231.25 sq. in. In the following all fractional parts 
of a sheet are counted a full sheet. 


No. of square feet......>...] 100 | ro | 120 | 130 | 140 [ 200 
Sheets required. ..... , 69 | 75| 8] 88 125 
No. of square feet......:+. | 230 | 240 } 310 
Sheets required. .....5..... E 144 | I50 5 193 


No. of square feet. :.- 340 | 350 420 


Sheets required...:..°.) 


| 212 | 218 262 
No. of square feet... - 450 | 460 } 530 
Sheets required Bede 281 | 287 : 33° 
No. of square feet...+:...:. 560 | 570 640 
Sheets required............ 349 | 355 ; 399 
No. of square feet....2...!. 670 75° 
Sheets required............ 418 407 
No. of square feet..:....... 780 . 5 - 860 
Sheets required...,........ } 486 536 
No. of square feet. . 890 -} Qo0 - 960 | 970 
Sheets required..:......... i 554 604, 
No. of square feet.......... ; 

asheetsirequired: = aiaden es 


A box of 112 sheets 14” x 30” laid in this way will cove. 180 square feet. 
Flat-Seam Tin Roofing—Numbe of 28x20-In. Sheets Required 
to Cove: Various. Areas 


The flat seams edged % in. tak. 1% in. off the length and 
width of the sheet. The covering capacity of each sheet is 
therefore 26% by 18%, or 490.25 sq in 


No. of square feet.......... 

Sheets required. ..... tos 30 _59 
No. of-square feet.......... 210 3m 
Sheets required... ........ “ail, 02 92 
No. of square feet... .. Saterased 320) 420 
Sheets required..,....2....| 94 124 
No. of square feet...:.......] 430 r 
Sheets required.......5..0.] 127 pa 
No. of square teet........ +. | $40 640: 
Sheets tequired...... + 159 188 
No. of square feet..... vase | 650 

Sheets required... ... mace ROE bee 
No. of square feet........ -+| 760 860- 
Sheets required... s055--] 224 253 
No. of square feet.......,<.. | 870 Te) 
Sheets required. ....... 9 ¢»,]. 256 Bs 


No. of square feét.......«... |. 980 
Sheets required..... aNCwone } 288 | 291 


A box of 112 sheets 28” x 20!” laid in this way will cover 381 sq. ft.- 
254 


— 
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The two common sizes of tin plates are 14 by 20-in. and 
20 by 28-in. Although tin sheets are made in several thick- 
nesses, the two common gauges are the IC, or No. 29 gauge, 
weighing 8 ounces to the square foot; and the IX, or No. 27 
gauge, weighing 10 ounces to the square foot. The standard 
weight of a box of 112 sheets of the 14 by 20-in. size, is 108 
pounds for the IC plates, and 136 pounds for the IX. 


Methods of Laying Tin Roofing. There are two general 
methods of laying a tin roof. The flat seam method has the 
sheets of tin locked into each other atthe edges, with the 
seam either flattened and fastened with tin cleats, or nailed 
firmly and soldered water-tight. In flat roof work, the tin 
should be locked and soldered at all joints, and should be 
held in place by tin cleats. 

Flat seams are used on roofs of less than one-third pitch, 
while the roofing sheets should be of the 14 by 20-in. size. 
In flat seam work, 1-in. barbed and tinned roofing nails 
should be used, spaced not over 6 inches apart. 


Standing seams are used on steep roofs, or on roofs over 
one-third pitch. In this type of seam, the sheets are double- 
seamed and soldered together into a long strip that will 
reach from eaves to ridge. The “upstands” for the standing 
seams are left on the up-an-down sides, parallel to the slope 
of the roof. These are interlocked and held in place by 
cleats, but are not soldered. 

Before laying the tin, one or two layers of tar paper 
should be placed over the sheathing. 

The under side of all sheets should be painted before 
laying. A paint for this purpose may be made in the propor- 
tion of 10 pounds of Venetian red and 1 pound of red lead 
to 1 gallon of pure linseed oil. 

Cost of Tin Roofing. Tables XLV and XLVI show the cov- 
ering capacities of roofing tin, using flat and standing seams, 
for both the 14 by 20-in. and the 20 by 28-in. sizes. Table 
XLIX gives the cost of roofing material per square foot of 
roof when tin is of a given price per box. These tables are 
reproduced by courtesy of the N. & G. Taylor Company, of 
Philadelphia, Pa. 

Tin in Rolls. For the convenience of roofers and for rush 
orders, tin is put up in rolls 14, 20, or 28 inches wide. Hach 
roll contains 108 sq. ft. (about 63 linear feet, 28x20-in. sheets 
laid 20 in. wide). The tin is painted one side or both sides 
as wanted, with good metallic brown paint. Seams are care- 
fully soldered by hand. 


TABLE XLVI—Standing-Seam Tin Roofing—Number of 14x 
20-In. Sheets Required to Cover Various Areas 
The standing seams, edged 1% in. and 1% in. take 2% in. 
off the width; and the flat cross-seams, edged % in. take 1% in. 
off the length of the sheet. The covering capacity of each sheet 
is, therefore, 114%, by 18%, or 212.34 sq. in. In these tables frac- 
tional parts have been counted as a full sheet. 


No. of square feet.......... 100 
Sheets required......... op 08. 
No. of square feet.......... 210 
Sheets required. ......... «+f 143 
No. of square feet. . 320 
Sheets required 218 
No. of square feet...1.... 430 
Sheets required............ 292 
No. of square feet........ -| 540 
Sheets required.......... -| 367 
No. of square feet....... «| 650 
Sheets required 22.3522) cc 441 


No. of square feet.>..o22.,.| 760° 
Sheets required... ..soz.e..| “515 


No. of square feet... 20: 870 
Sheets sequired.....35.< .. 59° 
No. of square feet....... .. 980 
Sheets required............ 665 


A box of 112 sheets eee laid in this way will cover 165 sq. ft. 
Standing-Seam Tin Roofing—Number of 28x20-In. Sheets Re- 
quired to Cover Various Areas 

The standing seams take 2% in. off the width, and the flat 
cross-seams, edged % in., take 14% in. off the length of the 
Sheet. The covering capacity of each sheet is, therefore, 25% 


by 18% in., or 463.6 sq. in. In these tables fractional parts are 
counted as full sheets. 


No. of square feet.......... 
Sheets required...'......... 


No. of square feet... ... Pie 


Sheets required. .....24;+.+ 


No. of square feet..5.2..6.. 


Sheets required... 2.2.0... 


No. of square feet..2.....:. 
Sheets required... ...0...,+5 


No. of square feet... ...... 
Sheets required?. 2.004... 


No. of square feet..........] | 
Sheets required.......4.... 


No. of square feet... 20.00. 
Sheets required. ........... 


No. of square feet......3... 
Sheets reqtired........ Soc 


No. of square feet. .....c20 
Sheets required............ 


A box, 112 sheets, 28” x 20”, will cover 360 square. feet. 
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Sheets 14 by 20-in. can be laid either the long or short 
way. The best roof is made by laying the sheets the 14-in. 
way; similarly, in laying 28 by 20-in., always lay the 20-in. 
way, i. e., the short dimension crosswise. 


TABLE XLVII 


Tin in Rolls, or Gutter Strip 


Number of sheets required per lineal foot for 20-in. and 28- 
in. widths. 


TABLE XLVIII 
Cost of Tin in Rolls, or Gutter Strip 
Labor, solder, paint, rosin, and other materials not included. 


Cost per box, (287 x 20”) . 2 so ew 
Cost per'lineal foot, 28” wide . « 2 « « 
Cost per lineal foot, 20” wide . . 


Cost per box, (28%x 20”) 20. ee 
Cost per lineal foot,.28” wide... .. 
Cost per lineal foot, 20” wide .. .. 
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A box of 112 sheets in 28-inch roll will cover 175 linear feet. 


“ “ 20 “ “ec 248 “ “ 

“ “ “ 14 “ec “ec 250 “ “ 

<“ “ec “sé 10 “ée “e 496 “ec “ 
TABLE XLIX 


Cost of Tin for Standing-Seam Roofing 
Size of sheets, 28 by 20 inches. 


When tin costs per box...... 50! $7.06 $7.50 $8.00! $8.50] $9.00 $10.00 


$10.50 
S.S. Roofing costs per sq. ft.. 0162 +0175] .0189] .0202) .0216] .0230] .0243] .0256] .0270 


0283 


When tin costs per box... . =. 11,00 


11.50] 12.00] 12.50] 13.00] 13.50] 14.00] 14.50} 15.00] 15.50 
S. S. Roofing costs per sq. ft....] .0297 


+0310] .0324} .0337| .0351| .0364] .0378) .o301, .0404] .0418 


When tin costs pér box....... '16,00] 16.50] 17.00] 17.50} 18,00] 18.50] 19.00} 19.50 20.90} 20.50 
S. S. Roofing costs per sq. ft.. .| .0432) .0446] .0450] .0473] .0486] .o500] .0513| .0526| .0540] .0553 


When tin costs per box....... 21.00) 
S. S. Roofing costs per sq. ft.. .| .0567 


21.50] 22.00] 22.50] 33.00} 23.50] 24.00] 24.50] 25.00 
10580) 0594] .0607| .o621] .0634) .0648 0061! .0675| 


The above estimates do not include cost of laying. 

The cost, using 14 by 20-in. sheets, will amount to about 
25 per cent more than the cost using 28 by 20-in. size, owing 
to the greater number of seams; hence more tin, solder, 
cleats, and. work are necessary. 

Labor in Placing Tin. Two good average workmen will 
put on and paint about 3 squares of tin roofing in a day of 
8 hours. In measuring up work, skylights or other openings 
under 100 sq. ft. in area are not deducted, since the work of 
laying around these openings will offset the saving in ma- 
terial. 

Where 28 by 20-in. tin sheets are laid with flat seams, an 
allowance of 5 pounds of solder, 1 pound of rosin, and 1 to 
1% pounds of roofing nails should be made per square of 
roof. If 14 by 20 in. sheets are used, allow about 74% pounds 
of solder per square of roof. 


TAR AND GRAVEL ROOFS 


Tar and gravel roofing is made by placing a layer of 
sheathing paper, then several layers of roofing felt on the 
sheathing, and firmly nailing in place. On temporary struc- 
tures three coats are often used; but in regular construction 

. not less.than four layers are used, and often five or six. The 
sheets of felt are lapped and laid so as to break joints at 
all parts of the roof. The laps are mopped with tar and 
securely cemented together. Finally the entire surface is 
covered with a thick coating of hot tar, which is then coy- 
ered with a layer of clean gravel that has been screened 
through ‘a 5-in. mesh screen. 
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Laying Tar and Gravel Roofs. Since the details of laying 
tar and gravel roofing vary to a considerable extent, only one 
plan will be outlined. This method is suggested by the Bar- 
rett Manufacturing Company, and is frequently referred to as 
the “Barrett Specification”: 


Over the entire roof shall be laid a 5-ply coal-tar pitch felt 
and slag or gravel roof to be constructed as follows: 

The rosin-sized sheathing paper to be used shall weigh 
not less than 6 pounds per 100 square feet. 

The felt shall weigh not less than 14 pounds per 100 
square feet, single thickness. 

The pitch shall be the best quality of straight-run coal-tar 
pitch distilled directly from American coal-tar; and there 
shall be used not less than 120 pounds (gross weight) per 100 
square feet of completed roof. 

The nailing shall be done with threepenny barbed wire 
roofing nails driven through tin discs. 

The slag or gravel shall be of such a grade that no par- 
ticles shall exceed % inch or be less than % inch in size. 
It shall be dry and free from dust or dirt. In cold weather it 
must be heated immediately before using. Not less than 300 
pounds of slag or 400 pounds of gravel shall be used per 100 
square feet. 

The materials shali be used as follows: 


First, lay one thickness of rosin-sized sheathing paper, lap- 
ping each sheet 1 inch over the preceding one, and nailing 
only so often as may be necessary to hold in place until cov- 
ered with the tarred felt; and the nailing may be omitted 
entirely if practicable. 

Over the rosin-sized sheathing, lay two full thicknesses of 
tarred felt, lapping each sheet 17 inches over the preceding 
one, and nailing along the exposed edges of the sheets only 
so often as may be necessary to hold the sheets in place until 
the remaining felt can be applied. 

Over the entire surface of the felt thus laid, spread a 
uniform coating of pitch mopped on. Then lay three full 
thicknesses of felt, lapping each sheet 22 inches over the pre- 
ceding one, and nailing, as laid, every three feet, not more 
than 10 inches from the upper edge. 

When the felt is thus laid and secured, mop with pitch 
the full width of 20 inches under each lap. Then spread over 
the entire surface of the roof a uniform coating of pitch, 
into which, while hot, embed slag or gravel. 

When this roof is to be laid over hydraulic cement con: 
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crete, as in fireproof construction, omit the rosin sheathing 
paper, and in its place coat the concrete with hot pitch. 

Pitch of Tar and Gravel Roofs. In hot climates, a gravel 
roof should not have a pitch of less than % or more than %4 
inch to the foot; while in cold or damp climates the pitch 
should be from % to 1 inch per foot. 


Cost of Tar and Gravel Roofs. The quantities of material 
used, and the cost of labor, will depend upon the method em- 
ployed in laying a roof. The amounts of paper, felt, tar, and 
gravel for the Barrett type of roof may be taken from the pre- 
ceding specifications, while other specifications require from 
8 to 10 gallons of tar and about 1/6 of a cubic yard of gravel 
for each 100 square feet of roof. 

To comply with the Barrett specifications, the matertals 
needed for each 100 square feet of completed roof are approxi- 
mately as follows: 


Sheathing paper ......... wie raesecekevera ake 108 square feet 

Tarred felt a. «ccs RO Coe 80 to 85 pounds 

LUC apertseslctaretereiene eevee yeah satioddas 120 to 160 pounds 

Gravel .....ccccesgecccececsccccccccsees 400 pounds 
or 

SIAZ Mioteie cow's a ele ain clei veers isiele aisie’e crise ister 300 pounds 


In estimating the felt needed, the average weight is prac- 
tically 15 pounds per 100 sq. ft., single thickness; and about 
10 per cent additional is required for laps. 

In estimating pitch, the weather conditions and expert- 
ness of the workmen will affect the amount necessary for 
the moppings and to properly embed the gravel or slag. 


CORRUGATED STEEL ROOFING 


The regular sizes of corrugations on standard sheets are 
8, 2144, 1%, 5%, and 3/16-inch. These distances are measured 
from center to center of corrugations. The standard sheets, 
of all widths of corrugation, are made so that the distance 
between centers of the outer corrugations is about 24 inches. 
The sheets with 214-in. corrugations are 28 in. wide before 
’ corrugating, and 26 in. after. These sheets will cover a width 
of 24 in. with a side lap of one corrugation, and about 21% 
in. with a side lap of two corrugations. 

Standard lengths of sheets vary from 5 to 10 feet by 6-inch 
lengths. The 8-foot length is the one most commonly used. 

Method of Laying Corrugated Steel. Corrugated steel may 
be laid on sheathing, nailing strips, directly on purlins prop- 
erly spaced, or on a steel framework. ‘Where sheathing or 
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TABLE L 
Number of Square Feet of Corrugated Sheets to Cover 106 Square 
Feet of Roof 
5 5} 
Hd) Wap se asses ete ener in 
Sqe0 | soa: 
Feet | F 
Side lap, 1 corrugation ....... 114 115. 
» “& © 1% corrugations. .... 120 | 121 
eles COPlpatlouss «net 127 | 128 


TABLE LI 


Weight, in Pounds, of Corrugated Iron or Steel Plates per 100 
Square Feet 


3-in. 
Gal- 
Paint-| van- 
ed ized 
271 286 
217 232 
163 178 
150 165 
136 151 
123 138 
110 124 
96 111 
83 98 
76 91 
68 85 


timber construction is used, 8-penny barbed roofing nails 2% 
inches long may be used for fastening the sheets. If steel 
framework is used, the sheets may be held in place by means 
of nailing strips fastened to the steel, by clinch nails, by 
clips and bolts, or by straps made of No. 18 gauge steel, %-in. 
wide, held in place by two 3/16-in. stove bolts %-in. long. 

When sheets are nailed in place, a nail is placed at every 
alternate corrugation at the ends of the sheets, and about 8 
in. apart at the sides. 

Clinch nails, straps, and clips are placed from 8 to 12 in. 
apart at the ends of the sheets; while the side laps are held 
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by rivets spaced about 8 in. apart for roof work, and about 
24 in. apart in sides of buildings. 

The laps of sheets should be at least 6 in. at the ends in 
roof work, and 4 in. for work on the sides of building. 


Cost of Corrugated Steel Roofs. Tables L and LI show the 
number and weight of corrugated sheets of different size per 
square of 100 sq. fl. of roof; while Table LII may be used 
to determine the number of nails needed to lay a given area 
of roof after the number of sheets of metal are known and 
the number of nails per sheet estimated. 

Labor on roofs may be estimated on the basis of 10 
squares of roof per day of 10 hours for one man and his 
helper. : 

Galvanizing sheet iron adds about 2% ounces to its weight 
per square foot. Black sheets weigh about 2 pounds less per 
100 square feet than painted sheets. 


TABLE LII 
Number of Barbed Roofing Nails in One Pound 


Length 
Size in 

Inches 
16d 3% 
20d 4 
30d 4% 
40d 5 
50d 5% 
60d 6 


Where steel frame and corrugated sheets are used, the 
following will be of use in determining the size of nails and 
number of pounds needed: For 2 by 2-in. angles, use 4-in. 
clinch nails, 48 nails per pound; for 2% by 3-in. angles, use 
5-in. clinch nails 38 nails per pound; for 3% by 3%%-in. angles, 
use 6-in. clinch nails, 32 nails per pound. 

When rivets are needed for closing the side laps, copper 
rivets weighing about 6 pounds per 1,000 rivets, or soft gal- 


vanized iron rivets weighing about 7 pounds per 1,000 rivets, 
may be used. 


SHEET STEEL SIDING 


Table LIII shows the approximate weights of various kinds 
of steel siding per square of 100 square feet. 


ee ee eee See” eee PP ee es ee 
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TABLE LIII 
Weight, in Pounds, of Steel Siding per 100 Square Feet 


Puatn Brick, 

Rock Face Brick BEADED WEATHERBOARD 

Gauge AND STONE 
f 


(6) | 
Metal Galvan- Galvan- Galvan- 
Painted ized Painted ized Painted ized 


— 


24 * = 110 125 119 135 

26 UE 91 83 98 89 106 

27 71 85 76 91 82 98 

28 64 78 70 85 75 91 
TABLE LIV 


Welght, in Pounds, of Flat Steel Sheets, per 100 Square Feet 


Number of Thickness Black Galvanized 
Gauge (Inches) Sheets Sheets 
16 266 
18 216 
20 166 
22 141 
24 116 
26 91 
28 79 


In figuring costs for placing, two men will lay from 800 to 
1,200 square feet in a 9-hour day on plain surfaces. 


TILE ROOFS 


Terra-cotta and concrete roofing tiles are made in a great 
many styles and sizes. Glass tiles are also made for use as 
skylights in roof construction, and are laid in with the other 
tiles as a part of the roof covering. Among the tiles in com- 
mon use are plain tile, book tile, pan tile, Spanish tile, and 
Ludowici tile. 

Method of Laying Roof-Tile. Tiles may be laid on plank 
sheathing, steel members, or on a concrete roof. The method 
of laying tiles on a solid surface is similar to that described 
for slate roof construction. 

If tiles are laid without sheathing or an under covering 
surface, either a porous tile should be used where surface 
condensation may occur, or a special anti-condensation roof 


264 RADFORD’S ESTIMATING AND CONTRACTING 


TABLE LV 
Standard Gauge for Sheet and Plate Iron and Steel 


Approxi- Weight Weight 
dickies | ene ee epoot ta” 
of Gauge Thickness oot in ‘oot in 
Fi in Inches Pounds Pounds 
0000000 1-2 E 2.25 
000000 15-32 A 2. 
00000 3 1.75 
0000 : 1.50 
000 . 1.38 
00 ; 1.25 
0 : 1.13 
1 E a, 
2 5 .8$ 
3 : 75 
4 9. .69 
5 8. 63 
6 8. .56 
A 7. .50 
8 6. 44 
9 6. 41 
10 5. -38 
11 5. .34 
12 4. 5-640 .3l 
13 3. -28 
14 5-64 3. -27 
15 2. -25 
16 2. 
or le | ed ee 


lining should be used under the tiles. A glazed tile is more 
likely to condense moisture than are porous tiles. 

There are some special features that should be noted in 
regard to the proper framing of a roof and its preparation 
to receive the tile. Rafters should be at least 2 by 6 in., and 
spaced 24 in. on centers or closer according to length of 
span. Sheathing should be securely nailed, and should be 
‘either of %-in. common lumber laid tight and well joined 
together, or of matched and dressed sheathing securely fas- 
tened. Roof pitch may be as low as one-fourth (provided 
slope is not of extreme length), and from that to the vertical. 

Before the tile are laid, entire roof should be carefully 
covered with one layer good roofing felt, laid to lap 2 inches 
in every course, and turned up against the sides of building 
at least 4 inches. If building has a box or cornice gutter, felt 
should lap over top of metal at least 4 inches, and the same 
at valleys. After felt is so laid, same should be stripped 
with good white pine plastering lath, laid parallel, true, and 
straight, to facing board at eaves. The top edge of first line 
of lath should be 12 inches above the lower edge of facing 
board or starting strip; and thereafter not less than 12 in. 
nor more than 12%4-in. space allowed from the top edge of 
the next above and parallel. The tile hook over these strips; 
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and each tile is fastened with a 7-penny galvanized or copper 
wire nail. 

All ridge boards should extend 3 inches above top of 
sheathing, and hip boards 2% inches, both to be of 7%-in. 
common lumber. Facing board or starting strips at eaves 
under bottom end of tile will extend up above the top edge 
of sheathing 15% inches. In all casés facing boards at gable 
ends should be flush with the sheathing. 

In some cases an open roof construction is used—that is, 
with no sheathing under the tile. In that case there must be 
a space of 12 inches between the lower edge of the lowest 
purlin to top edge of the purlin next above it, and thereafter 
a space of not less than 12 inches nor more than 12% inches 
between the top edge of each purlin and the top edge of the 
purlin next above it. These purlin strips should be %-in. 
by 2-in. or over, the bottom strip 1% inches higher than the 
strip next above it—that is, 2% inches by % inch. In this 
construction the hip and ridge strips should be the same 
as if building were sheathed. 

Cost of Tile Roofs. The size and covering of a given kind 
of tile should be obtained from the catalogue of the manu- 
facturer of the tile. 

Plain terra-cotta roofing tiles are commonly 10% in. long, 
6% in. wide, and % in. thick. These tiles are laid with one- 
half exposed to the weather. The weight of plain tiles varies 
from 2 to 2% pounds. 

The labor on ordinary tile roofs may be estimated on the 
basis of 300 square feet of roof for one man and his helper, 
per day cf ten hours, 


SPECIAL SHINGLE ROOFS 


Asphalt Shingles. Asphalt shingles are about 8 inches 
wide and 12% inches long. In iaying them, but 4 inches of 
the length is exposed to the weather. When the shingles are 
laid, they form three thicknesses of material, and four thick- 
nesses where nailed. 

These shingles are made especially for all classes. of resi- 
dences or public buildings where either wood, slate, or tile 
shingles might be used. They are made in four colors—gray, 
green, red, and slate. 

Asphalt shingles are uniform in size and thickness, and 
can be laid quickly and easily. They are packed one-quarter 
square to the case, which weighs 50 pounds when filled. One 
square covers 100 square feet of roof, with allowance made 


for all laps. 
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Two 1%4-in. head roofing nails in each shingle are used in 
laying. These nails are placed 4% inches from the lower end 
of the shingle, and just under the edge of the shingle above it; 

Asbestos Shingles. A combination of asbestos and Port- 
land cement has been produced, which, when made up in the 
form of shingles, furnishes a roof that is absolutely fire- 
proof. Simple exposure to the elements causes the shingles 
to become better, tougher, and harder as time goes on. 

Another good point for these shingles is that they do not 
need paint or any attention, as the elements take better care 
of asbestos shingles than any paint or dressing. 

They are usually applied in the French, or diagonal, 
method. Shingles for a finished roof laid in this manner, 
weigh about 250 pounds to the square. This lightness, with 
its accompanying efficiency, renders them peculiarly adapt- 
able to lighter forms of construction. They may be obtained 
in a great variety of sizes, styles, and prices. 

A common size is 12 by 12 inches, % inch in thickness. 
This size will lay about 155 shingles to the square of 100 
square feet. 

The labor charges on asbestos shingles will be from one- 
half to two-thirds those for wood shingles. 

Cement Shingles. Portland cement shingles are made in 
a great variety of shapes and sizes. Most types contain some 
kind of wire or expanded metal reinforcement to give 
strength to the shingle. 

These shingles are nailed to the roof in a manner similar 
to that used in laying slate. P 

Quantities required will depend upon the type of shingle 
used, and should be obtained directly from the manufacturer 


‘ of that particular brand. 


CONCRETE ROOFS 


Information in regard to the quantities and cost of ma- 
terial needed in a given case will be found in the section 
on Concrete’ Construction. The data necessary for figuring 
eost of forms and labor will also be found in the same 
section. B 


ROOF FLASHINGS 
Flashings are for use in places where leaks are likely to 
occur, such as in valleys, around chimneys, dormers, sky, 
lights, and where walls of one building or part of a building 
join another. This flashing consists of strips of tin, copper, 
zine, or lead, laid over the roofing material in such a manner 


that water from the roof is prevented from getting under the 
roofing. 
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Counter-flashings are made of lead or zinc, laid between 
courses of brick or masonry, and turned down over the regu: 
lar flashing. 

In shingle roofs, the flashings are made of IC tin or 14- 
ounce zinc, used with 3-pound or 4-pound lead counter-flash- 
ing. 

In slate roof work, the flashing should consist of 14-ounce 
zine or 16-ounce copper. Sheet lead should always be used 
for counter-flashings where same are embedded in masonry. 

In tar and gravel roof work, the flashings are formed by 
turning up the roofing felt 4 inches against the vertical sur- 
face, and covering with an 8-inch wide strip of felt laid with 
one-half of its width on the roof. The upper edge of this 
strip is fastened to the vertical surface by wooden strips se- 
curely nailed. The felt strip is then pressed down into the 
angle formed by the roof and the vertical wall, and firmly 
cemented to the roof with hot pitch. 

Cost of Roof Flashings. Flashings are measured by the 
number of square feet contained. 

In shingle work, the valley flashings are 14 inches wide, 
while the length will depend upon the length of the valley. 
Chimneys, sides of dormers, and all intersections are flashed 
with tin cut so as to turn up 3% inches on the vertical and 
3 inches on the roof. Where tin shingles are used for flash- 
ing at the intersection of a roof with a vertical surface, they 
should not be less than 7 by 6% inches in size. 

Lead counter-flashings should be of such size that they 
will extend 1 inch into the masonry, and reach down over the 
other flashing to within 1 inch of the roof. 

In slate work, the zinc or copper flashings should be 18 
or 20 inches wide for valleys and 7 inches wide for vertical 
intersections, allowing 314 inches for turning up. 

Labor costs may be figured on the basis of 400 sq. ft. of 
valley work per day of 8 hours for 2 men. These two men 
will also put in place 400 linear feet of ordinary flashing, or 
about 150 square feet of flashing and counter-flashing. 


Sheet Lead Work. No sheet lead should be laid in greater 
length than 10 or 12 feet without a dip to allow for expan- 


TABLE LVI 
Weight of Sheet Lead 


Thickness in 
inches, .. . |1-24]1-20/ 1-18 | 1-16 | 1-14 | 1-12 | 1-10 | 1-9 [1-7 | 9-64 | 1-6 | 3-16 | 1-5 


Pounds, per 
BaF, 24%| 3 34%) 4 4%| 5 6 tls 9 10} 11 12 
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sion. In roof and gutter work, 7-pound lead should be used; 
in hip and ridge work, 6-pound; and for flashings, 4-pound. 
TABLE LVIII 


Weight of Sheet Copper 
(Association of Copper Manufacturers of the United States) 


Stubbs’ WEIGHT IN POUNDS 
Gauge —_ 

(nearest Sheet Sheet Sheet Sheet Sheet 
number) 14x48 24x48 30x60 36x72 48x72 

In In, In. In. In. 

35 1.16 2. 3.12 4.50 6 

33 1.75 3. 4.68 6.75 9 

31 2.33 4, 6.25 9.00 12 

29 2.91 5, foek 11.25 15 

27 3.50 (He 9.37 13.50 18 

26 4.08 whe 10.93 15.75 21 

24 4.66 8. 12.50 18.00 24 

23 5.25 9. 14.06 20.25 27 

22 5.83 10. 15.62 22.50 30 

21 7.00 12. 18.75 27.00 36 

19 9.33 16. 25.00 36.00 48 

18. 11.66 20. 31.25 45. 60 

16 14.00 24, 37.50 54, 72 

15 16.33 28. 43.75 63 84 

14 18.66 32 50.00 72. 96 

13 35 55. 79. 105 

12 40.50 63. 91 122 

11 44.50 70. 100 134 

10 50 78. 112 150: 

9 55 86. 124. 165 

8 61 96. 138. 184 

a 67 105. 151 201 

6 75.50" | 118" 170 227 

5 82 128. 184 246 

4 88.50 | 138. 199 266 

3 96 151. 217 289 

2 105.50 | 165. 238 317 

1 111.50 | 174. 251 335 

0 swied 126.50 | 198. 285 380 


One cubic foot of copper weighs 558.12 pounds. 


CORNICE WORK 


Brick cornices are measured as solid wall of a size equal 
to the height and projection of the cornice. All thicknesses 
of wall are to be measured to the nearest half-brick above 
actual width. 

In measuring for sheet metal cornices, find the girth of 
the cornice by measuring the exact outline of the front, fol- 
lowing the curve of all moldings and adding the top distance 
back to the wall, besides that part allowed for joining to wall 
at top and bottom; and multiply by the length of the cornice. 
To this should be added all end trusses, dentils, brackets, 
and all extra work. Details of this kind will have to be de- 
termined from catalogues or from a local sheet-metal worker. 
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Stucco cornice work is measured by the square foot when 
composed of plain members or panel work. 


Carved moldings are measured by the linear foot. Ordi- 
nary moldings less than 12 inches in girth are measured by 
the linear foot; but, if over 12 inches, they are measured by 
the square foot of surface. Internal angles and miters are 
provided for by adding 1 foot to the length of the cornice, 
and 2 feet are added for external angles. 


In wood cornice work, the cornice usually consists of sev- 
eral members. Simple cornices consist of from 3 to 5 mem- 
bers, although the 5-member cornice is the most common 
and consists of a planceer, fascia, frieze, and crown and bed 
molding. 

In measuring the amount of material required for a cor- 
nice, multiply the length of the cornice in feet, by the com- 
bined width of the planceer, fascia, and frieze, in feet. The 
lengths of the bed and crown molding should be taken off 
separately in linear feet, and treated as separate quantities. 
An allowance of about one-eighth should be added to each 
kind of material, to make up tor waste. 

In estimating labor quantities on wood cornice, the follow- 
ing details will be of service: For gable roofs, two average 
men will put on in a 9-hour day 80 feet of cornice with 10-in. 
planceer, 9-in. frieze, and 4-in. fascia; 75 feet with 12-in. plan- 
ceer, 10-in. frieze, and 4-in, fascia; 60 feet with 16-in. plan- 
ceer, 12-in. frieze, and 4-in. fascia; or 48 feet with 20-in. plan- 
ceer, 14-in. frieze, and 5-in. fascia. 

For hip roofs, two men will put on 75 feet of cornice with 
16-in. planceer, 18-in, frieze, and 4-in. fascia; 65 feet with 
20-in. planceer, 22-in. frieze, and 414-in. fascia; 50 feet with 
24-in. planceer, 28-in. frieze, and 5-in. fascia; 40 feet with 28- 
in. planceer, 32-in. frieze, and 5\%-in. fascia; 30 feet with 
32-in. planceer, 34-in. frieze, and 6-in. fascia. 


Crown molding may be estimated at the following rate: 
Two men in a 9-hour day will put on 800 feet of 2-in., flat; 
500 feet of 4-in., spring; 450 feet of d-in., spring; 350 feet of 
6-in., spring; 300 feet of 7-in., spring; or 250 feet of 8-in. 
spring. 

Flat bed molding may be put on at the rate of 800 feet for 
1%-in.; 750 feet for 2-in.; 700 feet for 3-in.; or 500 feet for 
4-in. 

In cornice work around octagon towers or semi-octagon 
bay windows or verandas, the labor charge should be in- 
creased from one-quarter to one-half; while in circular or 
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curved work, the labor charge will be increased as much as 
one and one-half times that charged for plain work. 

Miters on wood cornices may be estimated on the basis of 
2 hours labor for one man; while brackets will vary from 10 
minutes to 1 hour for putting in place, depending upon the 
type of bracket and the amount of trim. 

On metal cornices, one man and his helper will put on 
about 40 linear feet of ordinary stock patterns; but with elab- 
orate work this quantity may be diminished by one-half. 

Data for estimating on brick cornice work will be found 
in the section on Brick Construction. The cost of laying 
brick in cornices will be about double that for plain work. 


GUTTERS AND DOWNSPOUTS 


Gutters and downspouts are usually made of galvanized 
iron, but often gutters are made in the form of a lumber 
trough lined with sheet metal. Lead, tin, or zinc may be 
used for this purpose. Where the side of a gutter touches a 
wall, the side should be turned up at least 6 in. against the 
wall and covered with an apron. If gutters are formed along 
the eaves, the gutter metal should be turned up against the 
roof boards for at least 10 inches and securely nailed. 

The slope of gutters should be about %%-in. for each foot 
of length. 

Sizes of Gutters and Spouts. A way to determine the size 
of downspouts for a roof is given in the following: 


2-in. pipe will drain 3%4-in. gutter 12 ft 1002 
3-in. pipe will drain 3%-in. gutter 12 to 25 ft. long. 
‘i 3-in. pipe will drain 4-in. gutter 25 to 35 ft. long. 
4-in. pipe will drain 5-in. gutter 35 to 45 ft. long. 
5-in. pipe will drain 6-in. gutter 45 to 55 ft. long. 
6-in. pipe will drain 7-in. gutter 55 to 65 ft. long. 
7-in. pipe will drain 8-in. gutter 65 to 75 ft. long. 


The American Bridge Company recommends that roofs up 
to 50 ft. span be provided with 6-in. gutters with a 4-in. down- 
spout every 40 ft.; that roofs from 50 to 70 ft. in span be 
provided with 7-in. gutters with a 5-in. downspout every 40 ft.; 
and for roofs from 70 to 100 ft. in span, an 8-in. gutter with 
5-in. downspout every 40 ft. 

Labor costs on this class of work may be estimated on the 
basis of 200 feet of ordinary gutter in a day of 9 hours for 
2 men. These two men would also line about 150 sq. ft. of 
box gutter in a 9-hour day. 
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Two men will average about 300 feet of downspout in a 
9-hour day. 

In taking off quantities for the above labor, double all 
angles and elbows. 

STEEL CEILINGS 

In measuring ceilings, the surface to be covered is taken 
as the surface between the walls of the room, unless special 
care is needed. In careful work, the flat part of the ceiling 
is first measured; and all cornice work, coves, corners, etc., 
are taken off separately, in linear feet. 

The plates for ceilings are generally about 24 by 24 in. 
but may come in 96-in. lengths. 

Furring strips should be estimated separately from the 
ceiling material, but corner brackets and nails are furnished 
with the ceiling material.* 

Labor costs of putting up metal ceilings may be figured 
on the basis of 300 to 400 sq. ft. of ceiling, with cornice, etc., 
for 2 men in a 9-hour day; while on plain work on large sur- 
faces, these quantities may be doubled. 


PAINTING ROOF WORK 


Data for estimating cost of painting or staining roofs 
will be found in the section on Painting and Decorating. 


TABLE LIX 
WEIGHTS OF ROOFING MATERIALS 
Weight in 
Material Pounds per 
Square Foot 
Asphalt on felt, without sheathing.............. 2 
Ceiling, ordinary lath and plaster:.....-..-...<. CoeGtO sas 
Ceiling, stamped steel ........ Rts ieiedas Situs eieten ent 2 
Ceiling 4 wood) [Ss-in} sates cteeiene cre eta ee 2% 
Composition, Ai3-plVdaa cs edcet ancien crete eee 1 
Concrete, per 1-inch thickness of slab.......... 13 
Copper, sheet ....... win ayele e Ghats leis cusacce nc Re creme a LOM se 
Helt;.rookne, 2Hlayers aces sete mee acon eras % 
Gravel and felt, without sheathing.............. See tomdO 
Iron; RCorrugated wiNOwel Scene ere sen eee 2% 
Lron; -COTRUE ALE MNO ee 0s eee ice ee eee 2 
Tron, CORKUSALed eNO nada ee emeiteice eres 1% 
iron, «flat; sgalyanizods..c tose eee «ce ee oe Lt to 3% 
Lead, Asheets. cht. eee £ eee es eet eee dy ob. 8 tle 
Sheathing, hemlock, Lin. thick F Sictore eeencyene cestove take 2 
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Sheathing, yellow pine, 1-in. thick.............. 4 
Sheathing, white pine, l-in. thick............... 3 
DPHINGTCS. = WOGd.s COGAL. on, soho ses conte Reece cies 1% 
ShinelesswOOds Cy Presson. s...+ eeeiees ccc ober. 2% 

hin slegumetals tin mpalnted'. oF. actos ciaters oes cet 1 
Slinstos gam ClLal Cop perer acess ate Ace aches 1% 
Skylight, glass, 3/16 to %4-in., with frames...... 4 to 10, 
Slale mo ALG, tOme alls tis oe arc ire sinks crth pare artic i come? 
Slatewmaiminishine) COUTSES. fee <e octe onion secre: 12 

Steels standin ee sean 214. toies oereisie te sherstoertenere as 1 
PARA Gs STAY CUP S-DIY sci cues siete vila aus Hoe ae eee 5% 
TATMANI GS 27S VEL DLY: sce dies ae cs aie ere’ eleoveuimelers aire 6 

Pile se COPLUSALCON srk Sines e ciaielo o.cls vies roe Gaemereles ie 8 to 10 
MILES MPT ALI eats everclsie cic os istendys ela relete iezigl sve Gloictarare ateyerets 15 ~=stto:-20 
Te Siw LTO WiC ot.isiece = wleuloreversls teva toaeieaekegscuate) « 8 

Riles ON wCONCTECOMSIADS ayeleroc:cccreicie «1. evens rele ccemeratepetts 30° to 35 
EEC EE DAI tei eatcie tlle ccclayere siints loi/el's) eisie) soot ele erclatsce =) uses 10 

FELITY PROM GMI Ol taetepal eka ecto) tatekarclevsre cvevcialerstarsreterslokera chars (3 1 
TMinwewithouts Sneatuims ser. ste oor. ae el sieicl ofadohe ofeyetelanel’s %to 1 
AN Cae BICCLE ete eais.cie Sie nies Se ieities Cletere we er dice sista sia ists ‘Le COMe 


Concrete Construction 


The exact cost of concrete work in any case is governed 
by local conditions. In reinforced concrete, the design, the 
loading for which it must be adapted, the price of cement, 
the cost of obtaining suitable sand and broken stone or gravel, 
the price of lumber for forms, the wages of the laborers and 
carpenters, are all factors entering into the estimate. Rein- 
forced concrete is largely laid by common labor, so that high 
rates for skilled laborers affect it less than many other build- 
ing materials. 

Sometimes the gravel and sand for a piece of work can be 
found at or near the site, thus greatly reducing cost. 

Extra hazardous work should have something added to the 
estimated cost, to allow for the risk taken by the contractor. 
Work that must be finished in a short time should have the 
estimate increased, especiaily if a penalty attaches for fail- 
ure to complete by a specified time. If the season is a poor 
one for the class of work, still more expense is liable to be 
incurred. Erecting bridges over streams in flood time may be 
attended with serious difficulties and expensive delays. 


Large contracts, as a rule, cost less per unit than small 
ones. The placing and removing of the contractor’s plant on 
a job often requires considerable time. If the magnitude of 
work does not justify bringing labor-saving machinery to the 
site, the extra labor will make the smaller job more expen- 


sive. Large orders of materials may be placed at lower rates 
than small ones. 


Where labor is the principal item of cost in any work, 
less certainty can be expected in the estimate of the cost, 
whereas materials that are regularly manufactured should 
vary but little in cost. 


There are some general rules that will be found very use- 
ful in making a rough estimate of the cost of structures and 
checking against large errors in more careful estimates: 


“In making up an estimate of the cost of a building, in 
scaling the plans, it is found convenient to take off the yol- 
ume of excavation and back-filling. The cubic feet of foot- 
ings, foundations, and walls, the Square feet of forms for 
walls of foundations and above grade, the linear feet of belt- 
courses, moldings, cornices, etc. Also the size of special 
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features of exterior treatment. Similarly, the superficial 
areas of column and floor forms are measured by themselves. 
Concrete of each different mixture is scaled off in cubic feet, 
and totaled separately. Steel of each kind is taken off in 
pounds. Granolithic finished surfaces in square feet; and so 
on in detail, every item is measured.” 

Excavation and back-filling have been treated in the sec- 
tions on Earth and Rock Excavation in the chapter on Gen- 
eral Costs. 

CONCRETE FOOTINGS 

The dimensions of all footings for foundations may be 
taken directly from the plans of the structure. These sizes 
should have been carefully figured by the architect or de- 
signer according to the load to be carried and the stability 
of the soil which is to support this load. The common bear- 
ing pressures of various soils are shown in Table VIII. 

For footings of rectangular cross-section, the number of 
cubic yards of concrete needed may be found by multiplying 
the length of the footing by the width, and this value by 
the thickness, all dimensions taken in feet; then divide this 
product by 27, the number of cubic feet in a cubic yard. 

If the footing is stepped, the total cubic contents may be 
found by adding together the volume of each stepped section; 
or by multiplying the length of the footing by the average 
width, and this value by the depth, and dividing the result 
by 27. This same method may also be applied to footings 
with slanting sides, or those having a certain amount of 
“batter.” 

In case of soft soil, or where the footings are to be aided 
in their efforts to support the loads resting upon them by 
the use of concrete piles, the volume of concrete in cubic 
yards necessary for these piles may be obtained in the fol- 
lowing manner: Multiply together the sectional area of the 
pile in square feet, the length in feet, and the number of piles 
of a given size, and divide the result by 27. 


CONCRETE FOUNDATIONS AND WALLS 


The length, thickness, and height of all foundations and 
walls may likewise be obtained directly from the plans. The 
total amount of each grade of concrete, if a different mixture 
is used in different parts of the work, should be figured by 
the method just outlined for footings, and made note of. 

If walls vary in thickness at different heights in the struc- 
ture, figure the contents of each belt of wall around the 
structure, and add together all the quantities of like mix- 
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ture. Pilasters or belt courses may be figured separately, 
and added to the totals. 

All openings such as doors, windows, etc., should be de- 
ducted from the surface of the wall in figuring, so as to get 
the actual cubic contents of the wall. 

Any trimmings, projections, or depressions on or in the 
face of the wall should be considered separately, and added 
into the total of the mixture of which they are composed. 

A rough rule for labor on reinforced walls is to allow one 
man one day for each cubic yard of concrete. This should 
take care of the placing of concrete and reinforcement. 


MEASURING CONCRETE CONSTRUCTION WORK 


The following rules of measurement have been adopted by 
the Chicago Contractors’ and Masons’ Association, the Chicago 
Architects’ Business Association, and the Western Society of 
Engineers: 


1. Excavation of Cellars and Basements. Excavation to 
be measured and computed by the actual amount of material 
displaced. If unit price is based upon loose measurement, add 
40 per cent to actual bank measurement, except if consist- 
ing of sand and gravel, when only 20 per cent will be added. 
If rehandling becomes necessary, same to be done at a spe- 
cial price agreed upon in addition to the above. 


2. Excavation of Trenches and Pits. Excavation of 
trenches, pier holes, or pits, when more than 3 ft. wide, to 
be computed on actual contents when less than 5 ft. deep. 

When less than 8 ft. wide, excavation of trenches, pier 
holes, or pits to be computed on actual contents if less than 
2 ft. deep. 

If more than 2 ft. deep, compute contents of trench on 
basis of 3-ft. width, even though same is narrower. 

If less than 2 ft. in depth, estimate actual width. 

For pits and pier holes more than 2 ft. deep and less than 
12 sq. ft. in area, estimate area of same on basis of 12 sq. 
ft. multiplied by depth of same down to 5 ft.; and for more 
than 5 ft. deep, estimate on same basis as given below for 
additional depth of trenches, with the same percentages of 
increase added: 

Add 75 per cent to actual contents of excavation of 
trenches, pier holes, or pits, for depths between 5 and 10 Ets 
add 150 per cent, for depths between 10 and 15 ft.; add 225 
per cent for depths between 15 and 20 ft.; add 300 per cent 
for depths between 20 and 25 f{t.; add 875 per cent for depths 
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between 25 and 30 ft.; add 450 per cent for depths between 
30 and 35 ft.; and so on, adding 75 per cent accumulative for 
every 5 ft. additional depth. 

3. Back-Filling and Grading. Soil required for back-filling 
or grading to be measured by computing, from cross-section- 
ing, cubic contents of area to be filled or graded. 

4, Sheet-piling and lagging to be estimated per thousand 
feet of lumber required. Kind of lumber to be specified. 

5. Shoring of earth banks to be done at unit price per 
square foot of shored surface of bank. 

6. Pumping or bailing, when required, to be done at spe- 
cial price, in addition to excavation unit price, as the exca- 
vation rules are based on dry work; this, however, does not 
apply to rain or storm water. 

7. Concrete Foundations. Foundations for walls to be 
measured actual contents, when made with square and level 
offsets. 

Footings with sloping or beveled offsets less than 30 per 
cent from the horizontal, multiply area of base by greatest 
height of footing. This applies to piers also, except when 
courses in pier foundations are less than 12 ft. in area, when 
1 cu. ft. will be added for each corner for every foot in height 
of such course. 

8. Foundations for all projections (such as chimney 
breasts, pilasters, buttresses, or flues) connected with walls, 
to be measured actual contents contained therein, and 1 cu. 
ft. added thereto for each corner for every foot in height. 

9. Recesses and slots in foundations to be measured solid, 
and, in addition thereto, allow 2 cu. ft. for every foot in height 
or length. 

10. Arches in foundations. Multiply length of chord at 
spring arch by height from chord to extrados by thickness of 
arch, and add to wall measurement. Height of arch-ring 
equal to thickness of wall. 

11. Circular or polygon foundations to be figured at double 
actual contents. 

12. For wall 14 ft. or less in height, 24 in. or more in 
thickness, use the actual thickness as basis in computing 
volume. For walls less than 24 in. in thickness, add one- 
half the difference between the actual thickness and 24 in. 
in computing the volume. If walls are more than 14 ft. in 
height between doors, add to cubic contents 15 per cent for 
every additional 4 ft. in height, on accumulative scale, as 
given for trench excavation. 

13. For circular walls of radius sufficiently large to obvi- 
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ate the necessity of using specially prepared lumber for 
forms, add one-fifth of length to girth of wall, and figure cubic 
contents on the same basis as prescribed for external and 
division walls (paragraph 12). 

14. For battered or sloping walls, estimate: contents on 
same basis as for external and division walls, and add one- 
half of contents of wedge or batter to same when narrower 
on top than 24 in. See paragraphs 12 and 17. 

Intersection and division walls, 24 in. thick or less (bonded 
together in any manner not abutting), to be measured as slot 
or recess. When thicker, add 1 ft. to length of wall for every 
intersection. 

15. In retaining walls reinforced with beams, columns, or 
girders, figure concrete casing a minimum thickness of 12 
in. from outside edge of steel on side next to earth bank, and 
6 in. from outside edge of steel on opposite side; that is, com- 
pute wall 1 ft. 6 in. thicker than width of steel. 

For all other retaining walls, compute on same basis as 
for external walls (paragraphs 12 and 17). 

No deduction in cubic contents of concrete to be made for 
metal imbedded in same. 

16. Hollow walls to be at special rates. 

17. For each corner of wall more or less than 90 degrees, 
add 1 ft. 6 in. to girth length of walls in measuring. 

The term “corner” is used for salient angles of walls, and 
“angle” for re-entering angles. 

18. All plain projections, such as chimney breasts, piers 
connected with walls, and pilasters, to be measured actual 
contents contained therein, and 1 cu. ft. added for each cor- 
ner for every foot in height. 

19. Independent plain square piers to be measured by 
same rule; that is, add 1 cu. ft. for each corner for every 
foot in height. For plain polygon or round piers, add 4 cu. ft. 
for each foot in height. 

20. Recesses and slots to be measured solid; in addition 
thereto, allow 2 cu. ft. for every foot in height or length. 

21. In vaults, multiply length of chord at spring of arch 
by height from chord to extrados, by thickness of arch. 

In walls, find contents of arch by same rule, and add same 
to wall measurement as called for in paragraph 10. 

In sewers and tunnel arches, multiply length of extrados 
by thickness of arch. 


1 22. Openings with Frames Built In. Deduct contents of 
windows, doors, and other openings, measuring from jamb 
to jamb and from top of sill to spring of arch, and add 2 ft. 
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of wall for each jamb for every foot in height of opening 
when plank frames are used; if box frames are used, add 4 
fit. of wall for each jamb for every foot in height. 


23. Openings without Frames. Deduct contents of open- 
ings, same to be measured trom top of sill to spring of arch, 
and shortest distance between concrete jamb for width; and 
add for each jamb 2 ft. of wall for every foot in height of 
opening. 

Circular, oval, or other special-shaped openings to be fig- 
ured at special price. 

24. Chimney Breasts, Flues, and Pilasters. All flues or 
hollows in chimneys or walls less than 2 ft. in area, figure 
solid and add 2 cu. ft. for every foot in height. All flues and 
hollows in chimneys or walls from 2 to 4 ft. in area to be 
measured solid. When larger, deduct one-half contents of flue. 

Detached portions of chimneys in buildings, and plain 
chimney tops above roof, to be measured solid, and 1 cu. ft. 
to be added for each corner for every foot in height. 

25. Detached chimney stacks to be figured at special 
rates. 

26. No deductions allowed for omissions of concrete for 
cut stone, terra-cotta, or other trimmings, bond blocks, tim- 
ber, joists, or lintels. 

All ornamental or molded work in cornices, gutters, belt 
or sill courses, etc., to be figured at special rates. 

27. Cutting and patching of joists, girder, or other holes, 
slots, panels, recesses, etc., to be paid for on basis of time 
and material required. 

28. When ordered by owner, architect, engineer, or super- 
intendent in charge of work, to rack or block in consequence 
of delay of delivery of iron, steel, stone, terra-cotta, or other 
material, that concrete work which may connect with such 
racking or blocking shall be measured as extra work, as fol- 
lows: Increase girth length of such line by one-half, and 
multiply by thickness of wall. 

29. Concrete Floors on Soil and Tile Arches. Floors to 
be measured by the superficial surface between outside walls 
of building. No deductions to be make for floor sleeps, con- 
duits, pipes, drain, or division or partition walls. No deduc- 
tion to be made for any piers, columns, chimney breasts, 
pilasters, or other projections of walls, of 10 ft. or less in 
area. 

20. Caissons. Owing to grillage in caissons being left at 
different heights in same building, unit price for caissons will 
be computed on excavated contents, including necessary 
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wood-lagging and rings for same. Cubic contents of excava- 
tion of caissons to be computed from top of first set of lag- 
ging to bottom of caissons and from outside to outside of lag- 
ging. If steel or any other special casing is required, same 
to be paid for additional at special unit price per pound. 

31. Area of bottom of bell to be multiplied by height of 
bell to neck for cubic contents. 

382. For caissons 7 ft. or more in diameter, estimate 
actual’contents from outside to outside of lagging. 

For caissons from 7 ft. to 6 ft. 6 in., inclusive, add 5 per 
cent to actual contents. 

For caissons under 6 ft. 6 in. to 6 ft., inclusive, add 15 
per cent to actual contents. 

For caissons under 6 ft. to 5 ft. 6 in., inclusive, add 25 per 
eent to actual contents; under 5 ft. 6 in. to 5 ft., add 35 per 
cent; under 5 ft., add 50 per cent to actual contents. 

33. If compressed air is required, same to be paid for in 
addition to the above. 

34. If rings are ordered left in caissons, same to be paid 
for additional at unit prices per pound. 

35. Pumping and bulkheading to be paid for at additional 
price. 

36. No deduction to be made for cubic contents of metal 
imbedded in concrete. 

Concrete for filling of caissons to be computed on actual 
contents per cubic foot of concrete, but no deduction to be 
made for any metal imbedded in same. 

37. Reinforced Concrete Work—Reinforced Walls. Com- 
pute concrete on same basis as specified in sections 12 and 
17 for external and division walls, and add to same cost of 
reinforcing metal put in place. If, through changes or revi- 
sions, cutting of reinforcing metal delivered or ordered be- 
comes necessary, estimate the full length of such bars or 
metal fabric, and add to same cost of cutting and fitting re- 
quired. Reinforcing metal to be computed on unit price per 
pound or square foot. No deductions to be made in estimat- 
ing cubic contents of concrete for any metal imbedded in 


same, such as wire netting, expanded metal, bars, beams, 
columns, ete. 


38. Columns. Measuring of plain, uniform-size columns 
to be covered by the paragraph (19) relating to piers. 

39. Capitals, cap, brackets, panels, molding, or other orna- 
mental or molded work to be figured at special rate. 

40. Girders, Floor-Beams, or Other Drop Projections below 
Floor-Slab. For projections named in this paragraph, add for 
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each corner and angle to cubic contents 1 cu. ft. for each 
foot in length. For each chamfered or rounded corner or 
angle, add 1 cu. ft. for each foot in length in addition to 
the above. 

41. Floor and roof slabs to be estimated on same basis 
as called for in paragraph 29 for floors on soil, and at a 
minimum thickness of 6 in. Less than 6 in. in thickness will 
be computed as 6 in. 

42. No deductions to be made in floor area for openings. 
of less than 20 sq. ft. For larger openings, after deducting 
full area of opening, add one superficial foot to floor area for 
each foot in length of girth of opening, and 1 cu. ft. extra for 
each corner or angle. 

43. For pits, baskets, or other depressions in floor, add 
one superficial foot to the area of walls and floor of same for 
each foot in length of each corner and angle.. 

44. Setting of fascias, frames, pipes, sleeves, bolts, rods, 
clamps, etc., imbedded in concrete, to be paid for additional 
at special price. 

45. Floor Base and Coves. Floor base and coves to be 
estimated at special price per linear foot, with 1 foot added to 
length of same for each corner and angle. For base or cove 
around round columns, estimate three times girth of col- 
umn; and for square or polygon columns, add 1 foot for each 
corner to girth of same. 

46. Concrete stairs to be estimated per square foot area of 
face of treads and risers. Stair landings and platforms be- 
tween floors to be same unit price per foot as stairs. 

47. Curbs and roofs of skylights to be estimated on same 
basis as called for in sections 40 and 41, except that quan- 
tities for same shall be doubled. 

48. Sidewalks laid on soil to be estimated same as floor- 
slab, paragraph 29, with special unit price. 


CONCRETE WALL CONSTRUCTION 
Cellar Walls 


In estimating quantities of materials needed for cellar 
walls in ordinary dwelling construction, Table LX, compiled 
by the Atlas Portland Cement Company, gives information 
for three heights of basement. 

The cost of cementing the bank walls of cellars generally 
amounts to about 65 cents per square yard for a coat 1% inch 
(hick. Hicks states in his ‘“Hstimator’s Pocket-Book” that 1 
Jushel of cement and 2 bushels of sand will cover 31% square 
yards of wall 1 inch thick, 444 square yards % inch thick, or 
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TABLE LX 
Thicknesses of Walls, and Quantities of Materials for Different Heights 
of Basement 


Proportions: 1 part Portland cement to 214 parts sand to 5 parts 
gravel or stone 


Depth of Gravel or 

Height | Foundat’n| Thickness| Thickness} Cement Sand per | Stone per 
of below of Wall of Wall | per 10 ft. 10 ft. of 10 ft. of 
Basement| Ground |at Bottom] at Top | of Jones Length of | Length of 


Level of Wall Wall Wall 
Feet Feet Inches Inches Bags Cubic Feet Cubic Feet 
6 4 6 6 6 14144 29 
8 6 10 8 12 29 58 
10 8 15 10 24 Oy 114 


6% square yards ¥% inch thick. Arthur in his “Building Esti- 
mator” considers that 37 cents per square yard is a fair price 
for a %-inch coat of 1:3 cement mortar on the sloping sides 
of hard earth cellars. He states that the material required 
for 100 square yards of surface is 4 barrels of cement and 
2% cubic yards of sand. For a %-inch rough coat of 1:2% 
cement mortar on brick walls, 23 cents is said to be a fair 
price. If floated, the cost will be about 30 cents per square 
yard. The materials needed in such work are 3 barrels of 
cement and 1% cubic yards of sand for 100 square yards of 
surface. 
Superstructure Walls 

A contractor engaged in wall construction where metal 
forms were used and concrete raised to a height of 20 feet 
above grade, recorded his experience to the following effect: 
With concrete placed with wheelbarrows, the cost of mixing, 
form work, and placing concrete in 12-inch walls, was about 
4% cents per square foot of wall, or about $1.21% per cubic 
yard of concrete. 

A 1:3:5 mixture of concrete would cost as follows per 
barrel of cement used: 


Lebbl. cement, @ $150 eee eee ome ones - $1.50 
44 CU, VaRsand s@Psilb0eceeoe ec onerenee: FSaoe | Aas 
(4, Cu. “yd. (Stone \@ESibOie ac eie. eee ete ieae Meal 
1 Ib. of reinforcing steel @ $0.02.............. 02 

PPOUALT cn st ait ieetaatets So) Sr S{S vege tole. ahs toner evclavanete a She ctaee $3.29 


Allowing 1% cu. yds. of loose material for each cubic 
yard of concrete, this would make about 28.2 cu. ft. of con- 
crete at a cost of about 11144 cents per cu. ft. for materials. 

The total cost of materials and labor for one square foot 


eS ae a) 
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of wall 12 in. thick, would then be 11% cents plus 4% cents, 
or 16 cents. 

Allowance must be made for staging if of any but the 
simplest form. 

A finish coat applied to the surface of the monolithic wall 
can be applied with a uniform and smooth surface for about 
2% cents per square foot of exposed concrete. 

These costs may be slightly under the rates prevailing 
in some localities. 

Mr. Milton D. Morrill states that he has used a mixture 
composed of 1 part cement, 2 parts sand, and 4 parts gravel, 
laid,in a 6-in. wall, at $5.40 per cu. yd. Cost of materials was 
as follows: 

IF eID Disa COMEM Lot neisie(s cielcie 6 sieleieistelloriestiee sain LeU. 
+e CUDIG Yard Of SANG... cess cae cercecscteceres 00 
1 cubic yard of gravel..... a isiobie's eleleicisle eeisiaieieate ds DU 


$3.60 

To this was added the cost of erecting and removing steel 
forms, at 1 cent per sq. ft. of wall surface, thus making the 
cost of forms per cubic yard of concrete $1.10, taking the 
surface area of both sides of the wall. 

Also the cost of handling the concrete by the spouting 
method was figured to be 70 cents per cu. yd. 

This made a total cost, for materials and labor, of $5.40 
per cu. yd. of concrete in place. 

The cost of finishing walls where metal forms are used 
is given as 1 cent per sq. ft., which includes the floating and 
brush coating. 


CONCRETE FLOOR CONSTRUCTION 


Since the thicknesses and sizes of floors are indicated 
on the drawings, the cubic contents of the floor-slab, the fin- 
ishing coat, beams or girders for supporting floor, and all 
other necessary details, may be obtained directly from the 
plans. Generally the main body of the slab is of a different 
mixture of concrete from the top surface; therefore each 
should be taken separately from the drawings and figured. 

Beams and girders may be figured by multiplying the area 
of cross-section of each size of beam or girder, in square feet, 
by the number of linear feet of that particular size of beam 
or girder used in the structure, and dividing this result by 
27. The final result will be the number of cubic yards of con- 
erete needed for each particular size of beam or girder in 


the structure. ‘ 
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If the floors are of the slab type, such as used in the 
“Mushroom” or “Spider-Web” system, the contents of each 
floor in cubic yards may be found by simply multiplying 
the length of floor in feet by the width in feet, then multi- 
plying this result by the thickness in feet, and dividing by 27. 

If any material other than concrete is used—such, for 
example, as hollow tiles, which are employed to lighten floors 
in fireproof construction—the volume occupied by the ma- 
terial should be deducted from the total volume of the floor. 

Cinder concrete, when used for fireproofing or deadening 
purposes, should be figured separately. 

Granolithic or terrazzo work in floors should also be taken 
off in a separate amount, since it comes under a different 
rating, both in materials and in labor. In work of this kind 
it is common to state the number of square feet of surface 
to be laid, as well as the amount of material needed. 

An approximate rule for labor on ordinary floors is to 
allow one man one day for each 1% cu. yds. of concrete. 

Cellar Floors. The cost of cellar floors of concrete will 
depend upon the thickness of the floor-slab and the kinds of 
concrete used. In determining amounts of materials, Table 
LXI will be of service: - 

TABLE LXI 


Materials for 100 Square Feet of Concrete Floor 


Base, 1:244:5 Mixture | Wearing Coat, 1:2 Mixture 


- Thickness, Inches Thickness, Inches 


JP [som] 4 [a] § pe | | [iene 2 


Cement, Bbis. 1,10/1.30; 1.50 1.78 1.99/2.21 0.56] 0.85] 1.13]1.41/1.69 |2.26 


0.70/0.78}|0.16! 0.24/0.32|0.40|0.47 |0.64 


— | —— | | Ss —=sJ ———_ | ——_ | ——_ ] —_ 


Sand, Gu. yd. _|0.40'0.47!0.55,0.63 


Stone, Cu. yds. 0.8010.94 1.10/1.26 : 

The costs for laying concrete cellar floors will be about 
the same as for sidewalks of the same thickness, except in 
the case of very large basements. The cost of laying will be 
about 25 cents per sq. yd. less than for sidewalks. 

In small work, a gang consisting of one finisher at $5.00 
per day, and five laborers at $2.00 per day, will lay about 700 
sq. ft. of floor surface in a 10-hour day. This estimate is 
based on a floor consisting of a 4-inch base laid on a cinder 
bed and having a %-inch wearing coat, the mixtures of con: 
erete being as given in Table LXI. 


Pe ee ee 
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With cement at $2.00 per barrel, sand at $1.00 per cu. yd., 
and broken stone at $1.50 per cu. yd., the cost of a floor of 
this type would be about $1.25 per sq, yd. for materials and 
labor. 

A cheap floor for light use is made by laying 1 inch of 
coarse gravel and stone chips on a solid earth bottom, and 
covering with an upper coat of 1:3 cement mortar % in. 
thick. This type of floor is not so satisfactory as a heavier 
type of construction, but costs only 60 to 75 cents per sq. yd. 

Terrazzo Flooring. Terrazzo or Venetian flooring is of 
the granolithic type, with polished surface, the body consist- 
ing chiefly of an aggregate of irregularly shaped angular 
fragments of white or colored marble, granite, or other suit- 
able stone. These are embedded in a matrix of neat cement 
paste; and, after the material has been spread, the pattern 
is brought out by rubbing and polishing, which exposes the 
aggregate. 

As compared with other types of permanent flooring, the 
relatively low cost of terrazzo is shown by the following 
comparative statement of costs: 


Marble mosaic flooring............. 60 to 75 cents per sq. ft. 
Ceramicwiller TOOniINS ace clele = /s¥s)es oe" 35 to.50) SE ey iy AE BREE 
Terrazzo flooring ...... Ab Seccicid cn PAN ie XY? coe oe 


In order to figure the cost, an allowance of about 6 pounds 
of aggregate and 3 pounds of cement should be made to the 
sq. ft. of 1-in. flooring. To this must be added the cost of 
labor, from mixing to a final polish, which is about 8 cents 
per sq. ft. This, of course, will vary in different localities, 
but the price given is figured on a basis of labor of one fore- 
man at $5.00 per day, and common labor at $2.00 per day. 

Granolithic Finish on Concrete Floors. The following fig- 
ures of cost for the finished surface of granolithic concrete 
floors are average results obtained by an experienced Boston 
construction company: 

For a 1-in. finished floor surface laid integral with and 
at the same time as the structural concrete, finishers being 
paid 50 cents and laborers 20 cents per hour, the costs for 
100 square feet of finished surface were as follows: 


igibautsinveyets) (HhOOKeY GB ae Gomo noe do acon Farsetectels $1.00 to $1.30 
Mixing and placing concrete.....,...--.+++-++- 42 
Cement, 111-100 bbls., at $1.40 per bbl.......... 1.56 
Sand, 3% cu. ft., at $1.00 per cu. yd.......---- aya 


Fine stone, 3% cu. ft., at $2.00 per cu. yd....... 25 
$3.65 
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If laid after the structural concrete has set, and not in- 
tegral with it, the total cost of the fioor will be about $1.50 
more per 100 sa. ft. 

If finished surface is reinforced with %4-in. steel bars 12 
in. on centers to prevent cracking, add 40 cents extra labor 
for mixing and placing concrete, and 30 cents extra labor for 
finishing—or 70 cents per 100 sq. ft. For placing steel, add 
50 cents per 100 pounds, with cost of steel about $3.00 per 
100 pounds at the job. 


CONCRETE COLUMNS AND PILASTERS 


When columns are of the same size of cross-section from 
top to bottom, their cubic contents may be found in the same 
manner as already explained for walls and floors. Multiply 
the area of cross-section, in sq. ft., by the length in feet, and 
divide by 27. If all the columns of one floor are of the same 
length and size, the total quantity of concrete needed will, 
of course, be found by multiplying the volume of one column 
by the number of columns on that floor. 

If a column is plain in design, but of variable cross-sec- 
tion, the volume may be found by multiplying the area of the 
average cross-section in square feet by the length. 

If a shell of concrete is used to protect an iron column, 
the volume of concrete needed per column may be found by 
subtracting the volume of the iron column from the volume 
of the finished column. 

When bases or caps are used, they should be figured sep- 
arately, and added to the volume of the plain column. Orna- 
mental work and bands should be treated likewise. 

An approximate labor basis for column work is to allow 
one man one day for each one-half cu. yd. of concrete placed. 

The volume of pilasters may be obtained separately, figur- 
ing each size of pilaster as a column separate from the wall 
of which it is a part; or a part of the thickness of the pilaster 
may be figured in in getting the volume of the wall itself, and 
the projecting portion figured separately and added to the 
total. 

Curtain walls may be figured as a vertical slab, dividing 
the product of the three dimensions (length, breadth, and 
thickness), in feet, by 27, in order to get the contents in 
cubic yards. The volume of all openings of any considerable 
size should be deducted. Projections or ornamental work 
should be figured separately, and added or deducted, as the 
case may be. 


Belt-Courses, Cornices, and Exterior Ornamentation. All 


i alata that ie ales alia 
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work which projects from the flat surface of the wall or pilas- 
ter should be figured separately, and added to the volume 
already obtained. Often it is difficult to find the exact cubic 
contents of irregular work, but this difficulty may be ‘largely 
overcome by dividing the irregular-shaped body into a num: 
ber of small, regular-shaped parts, and adding the volumes 
of these. 

If belt-courses or cornices are of a different material from 
that used in the walls, make a separate note of each kind of 
material, and consider same individually in making up the 
estimate. 

Since, in many kinds of material, belt-courses, cornices, 
sills, lintels, etc., are measured and priced at a certain price 
per linear foot of a certain size, especially where the above 
are furnished as separate members to be placed in the struc- 
ture during the progress of the work, it is well to take from 
the plans the number of linear feet of cornice, belt-courses, 
ete., and note each kind of material, together with the size 
of cross-section and number of linear feet needed. 

Care should be taken when figuring monolithic work, to 
recognize the extra cost for form work which will necessarily 
accompany any deviation from the plain flat surface of the 
ordinary wall. Costs for such work cannot be standardized 
to take care of all cases; and the contractor is forced to 
use his judgment, basing his cost on a careful analysis of 
the actual materials and labor necessary in producing the 
change in the form, and adding this increase in cost to the 
original plain construction cost. 

STAIRS AND STEPS 

In determining the materials needed for stairs and steps, 
a careful study of the plans will show that a division into 
simple parts is possible. For flying steps or stairs, the 
stringers may be figured by finding the section area and 
length. The volume of material needed for one step may 
be multiplied by the number of steps, and the total volume 
determined by adding the volume needed for the stringers. 

In cast steps, or steps where a coarser grade of concrete 
is to be faced with a richer mixture, care should be taken to 
separate the volumes of the two grades of concrete, since 
there is a difference in the cost of each. 

A rule for labor costs on stairs and steps is to allow one 
man one day for each % cu. yd. of concrete used. It is 
sometimes stated that two men working together will aver- 
age 1 cu. yd. of concrete per day on stairs or steps, including 


the building of forms. 
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.CHIMNEYS AND SMOKESTACKS 


The simplest manner of determining the volume of con- 
crete needed in constructing a chimney or smokestack is as 
follows: 

If chimney is of one thickness from bottom to top, find 
the cubic contents of the chimney figured as solid, and sub- 
tract from this result the cubic contents of the inside, or 


open- part, of the chimney, also figured as solid. For exam- 


ple, if a chimney is to be built 25 feet high with 8x12-inch 
flue, walls 4 inches thick, the outside dimensions of the 
chimneys will bé 16x20 inches. We shall, therefore, need 
from the above: : 


16 20 
—X—xX25—55.6 cu. ft. 
12S 
less 
Sarde 
—xX—X 25=16.7 cu. ft. 
ab inca bi ae 
or 
55.6—16.7=88.9 cu. ft. 
38.9 
—=1.44 cu. yds. of concrete. 
27 


If the chimney or smokestack is of different thicknesses, 
or of different sizes of cross-section, at various parts of its 
height, divide the entire height into sections (of equal thick- 
nesses if possible), and figure each section separately, add- 
ing the various results for the total. 

Ornamental work of any kind at top of chimney will have 
to be figured separately, and added on to give total. 


SIDEWALKS AND CURBS 


Quantities of materials needed for sidewalks and curbs 
are determined in the same general way as already outlined. 
The specifications and plans according to which the work is 
to be performed, will give all sizes of slabs, thickness of top 
coat, base, and sub-base, together with the mixture to be 
used in each layer. From these dimensions, the number of 
cubic yards of each kind of concrete may be obtained; and 
from a table of mixtures, such as Tables LXXXI and XC, the 
amounts of materials may readily be figured. 

The number of cubic yards of cinders or other iaeNeriat 


for sub-base, is figured in the same manner as you would 
figure a thick floor-slab, 


eee 
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Curbs are figured by separating the volumes of coarser 
mixture of concrete used from the facing mixture, and de- 
termining quantities as for sidewalks. 

Careful attention should be paid to plans and specifications 
in both of the above cases, since a difference in the quality 
of the mixture used in figuring, from that specified, may 
make quite a considerable difference in the ultimate cost. 

Costs are generally given at a certain price per square 
foot or square yard of surface of walk; but to obtain same 
correctly, the exact quantities of materials used must be de- 
termined, or the exact conditions governing the construction 
upon which the price was based must be known. It is even 
safer, then, to detail the cost in each individual case and 
obtain your own standards. 

In getting together the quantities which go to make up 
the costs of sidewalk and curbing work, drainage should not 
be forgotten. If broken stone or tile drains are to be laid, 
include excavation for same, together with amounts of ma- 
terial needed. 

The following estimate of a 6-ft. wide walk will serve as a 
guide in forming similar estimates: 

Work consisted of a 4in. base slab of 1:212:5 concrete 
laid on an 8-in. cinder fill, and finished with a %-in. top coat 
of 1:14% cement mortar. The stone for the concrete ranged 
in size from % to %-in. The sand was a good grade of lake 
sand passing a %-in. screen. Mixing was done by hand, 


Material Cost 
Basis of 100 square feet of walk surface. 
Cement, 2.5 barrels, @ $2.00 per barrel........ $5.00 
Sand, .77 cubic yard, @ $1.00 per cu. yd. ...... ALU 
Broken stone, 1.11 cubic yards, @ $1.50 per cu. yd. 1.66 
Cinders, 2.7 cubic yards, @ $0.50 per cu. yd..... 1.85 


Total cost of materials per 100 square feet. .$8.78 
Labor Cost. 


One finisher @ $5.00 per day.......- assests? DOO 
Five laborers @ $2.00 per day.....--+«-++- ais 0.00 
Cost per 100 sq. ft. on basis of 700 sq. ft. laid 

per 10-hour day ..ceccececcceccrccceccceces 2.14 


Total cost for labor and materials per 100 sq. ft. 10.92 


This makes the cost of the work, without forms, about 11 


cents per sq. ft. for this type of slab. 
A barrel of Portland cement should contain 380 pounds 
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net. One operator states that if work is well tamped, a bar- 
rel will yield the following for sidewalk work: 


Cement Sand Gravel Thickness Per Bbl. 


Concrete course .........+2. 1 1 6 3 inch 
SPO OOUTHO a6. 5) siecle accents 3 5 . 1 inch 52 ba. ft 
; 4 inch walk 
Concrete course.......eeees 1 1 6 314 inch 
Pop ‘coursesce eects ecetamte 3 5 . _%4 inch inch a 
sq. ft. 
dS inch wa inch walk 
Concrete course......seeee. 1 1 6 378 am 
Lop Courses snae Pesce senieee 3 5 . 
Prey inch walk 
Concrete course......e..e.. 1 1 6 4 inch 
FLOP! COUTEO <5 se reeclemere 3 5 5 1 inch 
42 sq. ft. 
; 5 inch wa inch walk 
Concrete course...........- 1 1 6 41% inch 
POD OOUTSG naljone ee seek 3 5 . 14 inch” inch 
31 sq. ft. 
6 6 inch we walk 
Concrete course............ 1 if 6 61 inch 
Wop) GOuUMBe.. oseneas coe es 3 5 : 1% inch 
——_—- 24 sq. ft. 
8 inch walk 


See also section on Sidewalks, Curbs, and Gutters. 


CONCRETE REINFORCEMENT 

Measurements. The quantity of steel or other reinfore- 
ing material may be obtained directly from the plans of the 
work, and should be separated into lots of a given size and 
length of bar. In this way the number of pounds of steel 
needed may be made up easily from a table giving weights 
per foot of lengths for bars of different sizes. Also, any sizes 
which are not base may be indicated and figured as “extra.” 

Expinded metal or wire cloth should be figured by deter- 
mining the number of square feet of the material needed, and 
the gauge of the metal or the wires, as the case may be. 
Manufacturers’ catalogues contain the weight per square foot 
of the various sizes, and the prices for same. 

If stirrups are used in beam or girder work, note whether 
they are fastened to the longitudinal rods or not; and, if 
fastened, note method of fastening. 

Unit-frames should be figured by themselves, and prices 
may be obtained directly from the manufacturers. 

Do not overlook the material needed for wiring together 
reinforcing rods where they cross; and be sure to allow .for 
labor in connection with same. 


i 
TF ee ae ee Te ee ee eT 
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A record of the number of bars of different sizes which 
are to be bent, cut, or worked over in any manner, will be 
of great service in estimating the total cost of reinforcement. 
For this purpose we reproduce a form of Material Sheet as 
used by the Northwestern Expanded Metal Co. 

If the contractor is fortunate enough to have access to 
a complete schedule of shapes, dimensions and weights, 
which is sometimes drawn up to accompany plans when sub- 
mitted to bidders, his work will be simplified. 

Or, if the amount of steel needed is specified as a per- 
centage of volume of the concrete which is reinforced, the 
following rule may be used: 

If the reinforcement is 1 per cent of the volume of the 
concrete (the concrete only which contains reinforcement), 
there will be 1-100 of 27 cu. ft. of steel needed for each cu. 
yd. of concrete, or 27-100 of a cu. ft. Since a cu. ft. of steel 
weighs about 490 pounds, the amount of steel needed per cu. 
yd. of concrete to be reinforced will therefore be: 

27 
—— > 490—132.3 pounds. 
100 
TABLE LxXIil 
Weight of Steel Needed per Cubic Yard of Reinforced Concrete 


Quaniity of steel indicated as a certain percentage of volume 
of concrete. 


ooo eee aes] 


PER CENT OF Ls. STEEL, PER PER CENT OF LBs. STEEL, PER | 
STEEL Cu. Yb. STEEL Cu. YD. E 
225 33.1 -80 105.8 
80 32.7 85 112.4 
35 46.4 .90 119.0 
40 53.0 95 125.7 
45 59.5 1.00 132.3 
-50 66.1 1.05 139.0 
.55 72.8 1.10 145.5 
60. 79:4 16 152.1 
65 86.0 ; 1.20 158.7 
70 92.6 } 1.25 165.4 
5 “th, . $9.2. , 


Care should be taken, in connection with the above table, 
not to confound the percentage of steel given in the first column 
with the percentage of steel when stated in terms of the sectional 
area of a beam or slab. The term ‘‘1 per cent of reinforcement’’ 
is used in formulas for figuring the strength of beams, but is 
used as a percentage of the sectional area of the beam above 
the center of the reinforcing rods, and not of the whole: cross- 
‘section of beanr. Therefore, even with plain, straight bars 
extending throughout a beam, there would be a considerable 
difference between the two percentages, 


aU] | weg | “F4 /eZIS |) “SPA | "8D “F4 |"ON 
‘urn ‘bs "bs ‘018 ‘spoy ‘sieg JO Sede! 
|-—— | |_| |_| |] steeys Je ez1g pure sequiny ‘on 
spoy sieg yyey [e190 199} 40 UO!}e907 
| pepurdxy 
uoneuljseq 

SUTGUOU SMe ait a pene ao Ser aap ee tae ae ona erence $189 * "O “4 UAAIG 1s09 
SSOIDDY ie Sco ng Fh ea ne ee ea ee ae Joubisog 
woe---------------- OMS SS Ee ask Rak AND a are oe ih Gee ee a Re ee oe he ee eee EE OANA: 
Se Bh a eae OE as a8 RL ae ic ees ae aca at sseippy INN eee Gt 1 a ee OE ak Oe ee, BAR ASS POPU IO 
Sea ts Aq perosddy ------~-----Aq peyseyg ~~-~-~------Aq poyewnsy i Olah ations needing. OIC), Ex termes soak tare ON OLS: 
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Table LXII shows the weight of steel needed per cubic 
yard of reinforced concrete, for percentages of volume vary- 
ing from 4% of 1 per cent up to 1% per cent. 

As an aid in determining the weight of steel needed 
when sizes and lengths of rods or bars are known, or when 
gauges or ratings of metal fabric are stated, several accom- 
panying tables have been prepared. If these do not include 
the material used, figures of a similar sort may be obtained 
from the manufacturer from whom the product was pur- 
chased. Various types of deformed bars are illustrated in 
Plate II. 

TABLE LXIll 


Weights of Round and Square Bars 


‘THICKNESS OR DIAMETER Square Bars RouND BARS 
(Inches) © (Lbs. per ft.) (Lbs. per ft.) 
AS Sete ee Pee ee embas .013 .010 
VAS i LLC ana oe 053 042 
2 eaten ip Le ot yee 094 
Ws RESTS ICI ROO 212 167 
A ee cnepee ah ee ae 333 261 
Berens Peer. rae 478 376 
Temes EEDOA OOO COTA COT .651 511 
Ly RET GRR Pe I uitoc 850 .688 
if ehekersiciate ofele sete oi) olsieisscee 1.076 845 
Oe otee ga mis anne eke eletare 915 9-013 1.328 1.043 
Phere ete natu le hea one 1.607 1.262 
Sy Nae ANS farsi ees Sires ees 1.913 1.502 
Sanaa die ee ;. 2608 2.044 
A icsra cia s Meret se ae a Rae <3 3.400 2,670 
LG eaee coe ROO Ee ee 4.303 3.380 
Tooke cetstehiuel else = oon 6 utes 5.312 4.172 
EG eae edie esieree oes cael) ePIC 7.650 6.008. 
1s, ee ae: ee n10 4040 eg4lTS 
Det Ae yonttayen os Wie iears 43.000 ime 10,680 


Manner in Which Reinforcement Is Sold. All steel rods 
and bars are sold from what is called a base price. This 
base price covers all rods or bars from %-in. diameter up to 
3 1/16-in. diameter. On bars less than %4-in. diameter, there 
is what is called a size differential, which is a charge of a 
fractional part of one cent a pound above the base price. 
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The present differentials for sizes are given as follows: 


SA ANH” PALS ss wie Ole ie Goma oF CI Re eee Base 
LAST Ce BL eatake teen iether $0.05 per cwt. 
5a OC SEM er aticvay oheuctency ote iota eet cue ciene Te L05 
VA be BON Mares ot erecta nee ite S00 i eae 
ym “ HOG We rah tots ae tele Sistema oteclertice 105) 
THANG. Te ding de wlerspatetaper terete Seca eee SOU a Seen 
a a der TS Se SE OR Ge Sor 2046 © Pa 
5/16) etd SRO ASS ee ee as Was OLIN Wale 
ee SOM Eire oS nls sitet et Seats ce atthe EDU ait ee 


The above list of differentials is based on plain material. 

There is also what is known as a shearing differential. 
This is a cost of .05 cent per pound extra on all bars less than 
5 ft. in length. 

A quantity differential is an extra charge of .15 cent per 
pound for shipments from the mill of less than 2,000 pounds 
of material. 

The actual cost of material at the work is made up of 
the above quantities, together with the freight rate from the 
mill to the point of delivery, and the cost of hauling to the 
site. 


TABLE LXIV 
Weights of Deformed Bars 
RANSOME TWISTED BAR 


Size AREA 
(Inches) LBs. PER Fr. (Sqaare Inches) 
athe Mists Sissi » whee Simnetnee eee Meme .063 
PO etc te eee byereveseeeauane eases a 850 200 
Oran irs One recone eee epeitente ot LZ .320 
Oh wg Oa CaS te Mee MOET 1.91 563 
Varietals, eee Were Tee 2.6 £765 
Le chive Eka eels eee ee 3.4 1.00 
J. TE EN aA d.3 1.563 
CUP BARS 
( ae ran Ir ( ineen) poe iD. 
ROE ets SA asi Oe itn Vreven OD 
Lees eae Ae .86 Lgegeax' ue in ds CAB 
5G ae Fo Nine Savon 15g PSRs CAS Sede 
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JOHNSON OR CORRUGATED BARS 
SIZzB AREA 
(Inches) LBs. PER FT. (Square Inches) 
nea Gere tie Sane ee Cheers: 06 
Va 9 A UE = ee are 85 25 
ie A BE 8 A ae A Par 1.33 39 
ee ae Ae le ee eee 2! 56 
Se eae, Sa ah 25 Teen ee aa wsee SHOU ath 
I eee ers eroteed ete moter oars : . 3.40 1.00 
NES cee bcos Gir os ates, he es Me wie eee & 1.56 
DIAMOND BARS 
S1zE AREA 
(Inches) LBS. PER Ft. (Square Inches) 
Ven baad OOG SODOOD UIC Ste OOO Gde Pee bs) 29 
Biper ale ie ate atalsi tee ce is SoReee ave Pats TEL.83 39 
Spe Oe So eae ee a hee tale 1.91 .56 
Seno -abeoebag Mele S Sap lo Siet iy 2.60 76 
Dit See Sar ahs Bate a oa aha ie, miias .. 3.40 1.00 
jl EAS, eS 1 Se Dee Oe pene ce ee eae A eee 5.31 1.56 
TWISTED LUG BARS 
S1zp ARBA 
(Inches) LBS. PER Fr. (Square Inches) 
LS ee ACA Pare PEA ree rh PITT CS ARE CL” ,063 
ican, Ne ae, Sh Sen ey 250 
Re Meee cine a or cine Sheesh oes 6.9 BARA EAS 391 
Oe Penk Nie oi: sieon’ aaesweeyeri's aia teslet ove 1.94 063 
VI aN BP her, ah OE, 2.64 766 
VR a ns 3 eos Spa Rin teat eit «6's 3.45 1.00 
VAIO Ae Ue bd in AR ars Gh eR et 1.56 
LG aa ies ss ® Beet te swere tf oo ktG 2.25 


Steel bars for reinforcement, %-in., 20 feet long, may be 
unloaded from box cars and placed on ground beside car for 
as low as 32 cents per ton; but where rods are carried 300 
ft. and piled on racks in steel shed, the cost may be as high 
as $3.00 per ton. These costs are based on common labor at 
17% cents per hour, and foreman at 30 cents per hour. 


The prices of steel reinforcing bars (July, 1918), are as 
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TABLE LXV 
Sizes and Weights of Expanded Metal 


ee as 


Sze oF MESE—WIDTH Area 
a ee ee oe eee OTT Es Weight, 
wiv. | Xin. | Mein. | agin. | Sin. ber Lbs. 
—————— 12 In. per 
EXPANDED METAL NUMBERS Width Sa. Ft. 
ano 05-214 05-3 05 7 
10-% 10-14 10-2% 10-3 1 
15-4 15-16 15-23¢ 15-3 15 5L 
20-36 20-34 20-144 20-234 20-3 R 
25-% 25-1 25-24% 25-3 -20 -849 
30-1¢ 30-24 30-3 .30 1.02 
35-2% 35-3 .35 Lis 
le 40-254 40-3 40 1.36 
y — 
REGULAR LENGTBS—FEET Se eo 


oa 8 


8 | : 8 2. 4, 6, 8 
1 12 eee 


Only the 3-inch mesh should be used for reinforce- 
ment. The smalier meshes are used for screens, fencing, 
and for reinforcing roofing tile. 

Waste and cutting charged for lengths or widths not 
shown in table. 

First two figures in number give area in square inches 
per 12-inch width. Other figures give width of mesh. 


TABLE LXVI 
Sizes and Weights of Kahn Rib Metal 
AREA 
S1zp, WEIGHT Sq. In. per 
NUMBER Lbs. per Sq. Ft. 12-Inch Width 

Pee a ae OE Eh ia seria 2.13 4 
D5 oh se vs boa ean ns oe REO 1.43 36 
A iin a scaa n bctramstovare siete en ines 1.08 27 
Dis wars sd. ck waa ste eS ee at 87 22 
Oran a ah: clam 5, 0 tens aR ee ee er 72, 18 
Usiisesls gaae aiks = Sh gare ees 62 15 
8 acis Oe cee eee CS Oo 14 


follows: Base sizes, shipment from Pittsburgh stock, 1.95 
cents per lb.; New York stock, 2.25 cents; Chicago stock, 
2.05 cents. These prices are for large lots. 

Other quotations, with card of extra charges for small lots 
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or odd sizes, will be found in the section on Steel Construec- 
tion. 

The cost of reinforcement of concrete work will vary 
greatly with the percentage of steel used, the amount of 
work necessary to put the steel in a condition ready to 
be placed in the concrete, whether unit-frames or separate 
bars are used, the market price of steel, and many other 
conditions which cannot be covered by any one price elastic 
enough to fit all conditions. 

We have already outlined carefully the method of deter- 
mining the weight of steel needed in a structure, and have 
provided tables covering the more common. forms of rein- 
forcement. It now remains for the contractor to determine 
the weights and sizes of the steel needed, and apply the cur- 
rent market price to same. As cautioned before, remember 
that sizes other than base are rated at a higher price per 
pound. The standard size of rod on which a base price is 
assumed is % inch. For sizes below % inch, an extra price 
is charged according to the rate card. 

The cost of deformed rods will run from ¥% cent to 1 cent 
per pound more than the cost of plain rods, except in the 
case of the twisted Ransome bar, which is stated to cost only 
about 1/10 to 1/5 cent extra per pound for twisting the square 
bars. 

Godfrey, in his work on Concrete, states that structural 
steel used as reinforcement for concrete costs about 2% 
cents per pound in place. Other engineers state that for 
plain work such as retaining walls, arches, and ordinary 
structures, the cost of putting in steel alone is from % to 
% cent per pound, and in building work may run as high as 
1 cent per pound. It is also stated that where some form 
of unit-frame reinforcement is used, the cost will be from 
¥y% to % more than where the ordinary bar reinforcement is 
used. 

In keeping records of the cost of work containing rein- 
forcement, be sure to separate the concrete which is to be 
reinforced from the plain concrete, if the cost of steel used 
is desired in terms of the number of cubic yards of concrete 
reinforced. 


FORMS FOR CONCRETE WORK 


The cost of forms may be stated in one of three ways: 


1. In cents per cubic yard of concrete used. 
2. In cents per square foot of concrete surface to which 


the forms are applied. 
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8. In cents per 1,000 feet, board measure, of lumber used 
in constructing the forms. 


It is common practice to state the cost of forms in cents 
per cubic yard of concrete, giving the cost of lumber and 
labor separately. 

An analysis of the cost of forms should be taken in such 
a manner as to include the first cost of the lumber per 1,000 
feet, board measure; the number of times that this lumber is 
used; together with the labor costs of framing, setting up, and 
taking down the forms each time that they are used, and 
expressed in dollars and cents per 1,000 feet, board measure. 
In making future estimates on work of a similar nature, this 
method of figuring may be used to great advantage, especially 
if the number of square feet of concrete surface covered by 
the forms was noted and made a part of the memoranda. 

Many advocate the scheme of filing a sketch showing the 
detailed construction of the form upon which a certain price 
was based. 


The following method is often advocated as a guide in esti- 
mating the amount of lumber needed for forms: 


Lumber for Forms. Knowing the time limit within which 
the work must be completed, find the number of cubie yards 
of concrete that must be laid in one day, allowing a fair 
percentage of time for delay in the progress of the work. 
Knowing the dimensions of the work, find the number of 
thousand feet, board measure, of forms required to encase 
and support in place the amount of concrete which must be 
placed each day. Determining from experience, or from the 
specifications of the work, the number of days that the forms 
must be left in place on each part of the work, a fair esti- 
mate of the amount of lumber needed will result. 

The amount of water used in the concrete plays quite an 
important part in the length of time needed for setting, since 
a “dry,” well-rrammed mixture will often set hard enough for 
the forms to be removed in 12 hours after the placing of the 
concrete. A “wet” or “sloppy” concrete would require more 
lumber for the job on account of the slowness in hardening 
of the concrete. 


Cold weather has the same effect in delaying the setting 
of the concrete, and should also be considered in figuring 
costs of forms. 


For work where there is any bending action or transverse 
strain, or where loads of any kind are likely to be placed 
upon the structure, the forms must necessarily be left in 
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place for a considerable length of time. In this class of work 
more lumber would be required than in plain’ wall work, in 
order that the work might progress without interruption. 

Different conditions of materials, climate, season of year, 
together with the class of structure and its use, determine 
largely the amount of capital which will have to be tied up 
‘in forms. 

The following statements in regard to the length of time 
that forms should be left in place are only approximate. 
Inspection by the architect or engineer in charge is to be 
recommended in all cases before forms are removed by the 
contractor. 


Walls in mass work—1 to 8 days, or until the concrete 
will bear pressure of the thumb without indentation. 

Thin walls—in summer, 2 days; in cold weather, 5 days. 

Short-span slabs up to 6 ft. span—in summer, 6 days; in 
cold weather, 2 weeks. 

Beams and girders and long-span slabs—in summer, 10 
days or 2 weeks; in cold weather, 3 weeks to 1 month. 
If shores are left without disturbing them, the time of re- 
moval of the sheeting in summer may be reduced to 1 
week. 

Columns—in summer, 2 days; in cold weather, 4 days, 
provided girders are shored to prevent appreciable weight 
reaching columns. 

Conduits—2 or 3 days, provided there is not a heavy fill 
upon them. 

Arches—small size, 1 week; large, with heavy dead load, 
1 month. 


It is policy to lay out the form scheme for a structure 
in advance; and from this plan the number of sq. ft. of con- 
crete surface to be covered may readily be figured by ap- 
plying the common rules for figuring areas. The sizes of 
struts and supporting members are determined by the ordi- 
nary rules of design, and the entire quantity reduced to 
board measure, or the equivalent number of linear feet 
of material 12'in. wide and 1 in. thick. 

In arranging this plan for the construction of forms, lay 
out as much of the work as possible in sections or panels, 
which may be used a number of times without tearing 
apart. This will not only save the material from the wear 
and tear resulting from dismembering, but will cut down 
the cost of handling in the structure. 
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TABLE LXVII 


Safe Strength of Wood Struts in Forms for Floor Construction 
Powunps PER Sa. In. or Cross-SECTION 


“Length of Strut 3x4in. 4x4in. 6x 6 in. 8x8 in. 
14 ft. 700 900 1,100 
12 ft 600 800 1,000 1,200 
10 ft 700 900 1,100 1,200 
8 ft 850 1,050 1,200 1,200 
6 ft 1,000 1,200 1,200 1,200 


Cost of Forms 


As previously stated, the cost of forms may be quoted 
at a certain price per cubic yard of concrete enclosed, or 
at so much per square foot of surface covered by the forms. 

The cost of forms varies with the type of structure and 
the amount of irregularity in the surface to be supported. 
On ordinary wall work the cost of rough plank forms may 
be as low as 50 cents per cu. yd. of concrete for a wall 3 
ft. thick. This price includes both labor and lumber, with 
both sides of the wall supported. For buildings of symmet- 
rical design, the cost of forms for walls, including lumber 
and labor on forms, may be as low as 9 to 12 cents per 
sq. ft. of surface of forms; but if these forms can be used 
only once, the price may be doubled. 

For plain work such as dams and retaining walls, the cost 
of framing and erecting forms will be about $7.00 per thou- 
sand feet, board measure; while the cost of tearing down in 
order to move will amount to about $2.00 per thousand in 
addition. If the forms are built in panels, to be used over 
and over again, the cost of moving to a new location may 
be as low as 60 cents per thousand feet, board measure. 

Gillette, in his “Handbook of Cost Data,’ has given a 
rule for determining the cost of plain forms for piers and 
retaining walls, which should prove of value. The rule is 
based on the assumption that 2-in. planks are used for the 
forms, and that each square foot of face requires 40 per 
cent as much material to hold it in place. This assump- 
tion would allow 40/100 of 2 board feet, or 8/10 of a board 
foot of bracing and 2 board feet of planks, for each sq. ft. 
of surface covered. The price of lumber is taken as $25.00 
per thousand board feet, and the forms are figured tc be 
used 4 times. 

This rule states that the cost of forms per cu. yd. of 
wall for plain work may be estimated by dividing the set 
price of $3.80 by the product obtained by multiplying the 
thickness of the wall in feet by the number of times the 


—/ 
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forms are to be used, and adding to this the result obtained 
by dividing $1.20 by the thickness of the wall in feet. 

The first part of this empirical rule is supposed to give 
the cost of the lumber needed; and the second part, the 
cost of the labor for taking down and erecting. 

If building work is to be figured, the above data—which 
relate to wall construction—will be of little service, since 
a greater percentage of supporting lumber will be needed, 
the cost of framing same will be more, and the forms in 
many instances will have to be left in place for a longer 
time than in ordinary wall work, thereby requiring a greater 
outlay for lumber. 

The most satisfactory way to estimate the cost of forms 
for a particular piece of work is to measure up the amount 
of lumber needed as outlined above under “Lumber for 
Forms,” taking care that enough material is figured on so 
that the forms will be rigidly supported. Then allow $6.00 
to $8.00 per thousand feet of lumber, board measure, for 
framing and erecting. This will apply fairly close in simple 
work. 

The costs for removing and changing forms have already 
been given. 

A check on the estimate thus formed would be to have 
a carpenter estimate on the cost of framing, and see if his 
estimate compared favorably with the price given above. 

Reference to Tables I and LXVIII will show a variation in 
the cost of forms, depending on their location in the structure. 


As an example of the labor connected with the above- 
‘mentioned cost of forms and centering, we quote an answer 
te an inquiry made as to the cost of labor on building 
walls consisting of piers 2 ft. square, with 8-inch curtain 
walls between, the reinforcement consisting of an ordinary 
type of deformed bar: 


“The labor cost in concrete form building is a very un- 
certain figure, as no two men do the same amount of work 
per day. I have had a squad of carpenters and helpers 
who would build forms for 24 by 24-in. columns at less than 
10 cents per foot height; and, again, I have seen it cost 
as much as 35 cents per foot. Then, conditions make a wide 
difference; and I recall an instance where forms cost as 
much as 70 cents per cu. ft. of concrete, as no form could 
be used over again in stories higher up. The side-wall 
forms are worth from 6 to 20 cents per sq. ft. for labor; 
but it is all guesswork, for even the nature of the lumber 
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TABLE LXVIII 
Cost of Various Classes of Concrete Work 


AVERAGE COST |) AveRace Cost oF CONCRETE 
KIND oF STRUCTURE OF FORMS PER 


SQUARE Foor PER CUBIc Foot 

S = le ~ 8 2 

z wis Siisele]als 

B51 8/22! 3 |/ES/551 8) Slog 813 

Ae 5 |= oilg¢e fel & 5 /BsI = 2 

47] 312" | F liskiSh) § | 8 | s=| & 

‘S) a o <|° 
Building Walls § gu igiits | sisisisisisis 


. (Above Grade) 
Average of 17 Structures.........|.085].036/ .002|.128}|. 


Footing and Mass Foundations 
Average of 10 Structures......... -057} 034) .002!.093}} .045} 007! .071].077].007! .021].229 
Foundation Walls Sr Bi SS | re | 

Average of 14 Structures.........!.068) .033} 002] .103//.076|.015 -080} .082| 019) .617| 269 


Beam Floors of Reinforced 
Concrete 
Average of 18 Structures......... 


Flat Slab Floors 
Average of 3 Structures.. 


-070 


-045} 002} .116 


-038! .002}.111)| 097] .009| .096! .070 


-1111.020).106) .063! .025| .024) .354 


a || — 


corsl.o2al 31s 


ceereeee | OF] 


Concrete Columns 
Average of 9 Structures..........1.082].036].001!.130!!.096].027].085 


\ 


Pats .023} .301 


Concrete Slabs Between Steel 
eams 
‘Average of 18 Structures......... -0611.032! .002!.0951].102!.019!.128! .068!.024'.017!.$59 
Cost of handling steel for Teinforcement (Average of 21 structures) was 
8.52 per ton. 3 


affects the labor cost data; besides, you must remember that 
the cost of forms is always the big item in reinforced con- 
crete, and until we have a system of changeable forms it 
always will be. I recall an instance where a contracting 
firm underestimated the cost of forms $28,000 on a building 
which they contracted to build for the sum of $230,000. In 
fact, their estimate as to cost of forms was only $17,000, 
and the total cost amounted to $45,000. 

“The cost of labor per cu. yd. for reinforced work of sizes 
given will be as follows: First-story columns, $2.35 per yard; 
walls, $2.75 per yard. Second-story-columns, $2.66 per yard; 
walls, $3.00 per yard; and so on up. These figures are based 
on machine-mixing and elevator.” 

Experience Cost Data. Table LXVIII shows a detailed con- 
sideration of the costs of reinforced concrete construciion 
work. The steel cost given at the end of the table applies 
only to cost of putting in place, and does not cover purchase 
price. These costs were obtained from a very large cor- 
poration engaged exclusively in reinforced concrete work 
and employing as superintendents and foremen experienced, 
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skilled men. The average contractor handling occasional 
jobs cannot hope to reach these figures except under very 
favorable circumstances. 

The costs of concrete work given in Table I were com- 
piled by Mr. L. C. Wason, and represent results obtained 
from careful observation over a long period. 

Table LXX will. be found of value as an actual record of 
the cost of various classes of concrete work as carried out 
during the year 1907 by a prominent contracting company 
for one of the large Eastern railway systems in the United 
States. 

Mr. Edward F. Godfrey, also on the basis of wide ob- 
servation, gives the following costs: 

Portland cement concrete, in large mass, easily depos- 
ited, $4.00 to $7.00 per cubic yard. Walls requiring difficult 
forms, $6.00~to $8.00 per cubic yard. Tunnels, etc., $10.00 
to $12.00 per cubic yard. 

Reinforced concrete, including steel, usually costs from 
$10.00 to $20.00 per cubic yard. Concrete should be esti- 
mated at $5.00 to $10.00 per cubic yard in place; steel, about 
2.5 cents per pound in place (plain structural steel); forms 


TABLE LXIX 
Concrete Factories vs. those of Wood or Brick 
APPROXIMATE YEARLY CosT OF INSURANCE PER $100 


{Dxposures, none; area not large; good city department; no private fire, 
\ apparatus except such as pails and standpipes 

ee 

Brick Mill|Wood Mi1l1|Add for brick 

Construc-|Construc-jor wood bldgs. 

All tion or Open|tion or Open|in small towns 

Concrete |Joists. Joists. and cities 

ee ee without best 

of water and 

Con- Con- Con- |fire depart- 

Bldg.| tents] Bldg. | te.ts|Bldg. | tents |ments. { 


CLass OF STRUCTURE 


‘General Storehouse ......| 20c. | 45c.) 60c.} 100c.} 100c.| 125c. - 25. 
Wool Storehouse..........| 20c. | 5c.) 40c.| 60c.} 75c.]} 100c. 25c, 
‘Office Building...........| lic. | 80c.) 35c. | 50c.] 100c. | 125c. -25¢, 
Cotton Factory......-----| 40c, | 100c:) 100c. | 200c.| 200c.'] 300c. 50c. 
iPannery....cssccoeecsevees| 20C, | 40c.) 75c..| 100c.] 100c. | 100c. 25c. 
Shoe Factory.....++++----| 25c, | 80c.| 75c. | 100c.| 150c.} 200c. 50c. 
Woolen Mill....c+-++.+--+| 30c. | “8Uc.} 75c, | 100c,} 150c. | 200c.}: 50c. 
Machine Shop....++-++++: 15e, | 25c.) 50c.]| _50c | 100c.} 100c.}! 5e, 
Gent ral Mercantile Bldg.| 85¢, | 75c.| 50c.'| 100c | 100c.) 150c. oC. 


a 
! NOTE—These costs are based on the absence of automatic sprinklers 
‘and other private fire protective appliances of the usual completely 
‘equipped building. ‘They are not schedule rates, but may be an approxi- 
“mation to actual costs under favorable conditions based on examples in 
\various parts of the country. 


304 RADFORD’S ESTIMATING AND CONTRACTING 


TABLE LXX 
Costs for Various Classes of Railway Concrete Work 


AVERAGE 

Z2i3 jp 

Aver-|AvER-|= |O2|/° 
AGE | AGE | 2p] Slo 
TOTAL/TOTAL| YARD-|YARD- At ee ae 
Wore 7 YARD-|YARD- AGE pase SA a s 

Cuass ° EAR] AGE | AGE OF ae) <lo 
fia oF jor Ex- Cone | cava: &S/So/23 
CoN- | CAVA-|% |CRETE| TION | 50] & a/c 
CRETE| TION |o | PER | PER |Z -/5,/2m 
> 1 JOB | JOB |Spl/<o/59 
S Brlzalea 
Zz ALR HlOm 
ees Sees ee es es eed 

| | 

Bar Top Culv'ts and H. W. Crossings} 1907 |26151.8117973.0) 46 563.0 389.02 an 88/1) 71 
Bar Top Culv't & H. W. Xing ae ns/ 1907 | 122.3) 110.0) 2) 61.1) 55.0 1}51/2) 35 
Piers and Abutments.. ° 28434.0/24059.0) 34) 836.0) 707.0(2/ 81)1/82/1| 63 
Pier and Abutment Extensions... 7 71.9] 70.0) 1! 71.9] 70.0 92)1/ 36 
Building Foundations............... 2462.4] 3077.0) 11] 224.0) 280.0/1)11/1/40/2/ 38 
Pedestals.hiasasinsseceaceescwces sate 665.1] 751.0} 6] 110.8) 125.2 1|24)1)| 97 
Turntables, Trans. Tables, etc : 2159.9} 6750.0} 7] 308.5] 964.0/1/ 86/1 /01|1) 78 
Retaining Walls...... = cea 5} 935.0) 1) 222.5) 945.0 58/1/10 
Floor Slabs........ 4 27.1 2} 113.6 2/39 
Arches.. 3 1520. 0) 3556.0) 5 1504.0 T11.2/2) 60'3 08/1} 33 
Arch Extensions... wae es 3 it QO] 2b} 1358.3] 168.0 1/81}1/ 89 
Special Reinforced Jobs .........0.. 477.4] 24%0.0] 3] 238.7 1249.0 62/1] 78 
Average for all Jobs ...c.sccreverees 1007. 73139. 0 64831. Qj127) 576.0) 512.0/2 bi 791) 70 
ED, 


5 to 10 cents per square foot. The uwunit-cost of concrete 
will depend upon the difficulty of handling and placing. 


Cement finish, mortar %-in. thick, 50 to 80 cents per 
sq. yd. 


As a comparison with the costs given by Mr. Godfrey, Mr. 
Trautwine in his “Engineers’ Pocket-Book” gives the fol- 
lowing prices for concrete work: 


For mass work such as breakwaters, fortifications, ete., 
$5.00 to $7.00 per cu. yd. of concrete in place. May run 
as low as $4.00 or as high as $8.00. 


For retaining walls, foundations, etc., prices vary with 
difficulties met with in construction, and run from $4.00 to 
$16.00 per cu. yd. of concrete in place. Many instances show: 
the price to be between $6.00 and $9.00. Reinforced walls 
cost from $3.00 to $10.00 more than plain walls, 


For building work, the costs for plain work average be- 
tween $6.00 and $12.00 per cu. yd. of concrete in place, while 
reinforced work costs between $10.00 and $20.00 per cu. yd., 
and is sometimes priced even as high as $27.00 per cu. yd. 


Small arches, such as used in culvert work, under 30-ft. 
span, cost from $5.00 to $10.00 per cu. yd. 


ee ee) ee 
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TABLE LXX—(Concluded) 


Cost oF Lanor AVERAGE AMOUNT OF MATERIAL i [S82 
CONCRETE |95.54/9 & |Fr.B. M. oF LuM- 2a 5 Pas 
bn UM: SACS EMEET a4 {a 

Forms |39535|2 34 BER USED selec! BR Cu. Yo. | 82% 187 8 

a =e eo Ay fal" o& pcre QE | Ss 

8 ab |s°4-|-880] pelz a/2ei22 | a8 = Oh» 
| es Ogssloanals | o9]8 2/55/<5 Fa gags |Se28 
me | Sale celeGheles | aFlESsSCS.| £ | 2 &523|-aee 
se] oe heeciiteal clea cle laces] © | ee | | MHos [Bae 
OL |a kez ZezeD> sa, elasASaioc| 9 | 3 1 P| Seaaigacoz 
Bs Poe SSE SBOE See (S2alFalam! © | w [S| esr e les ss 
Sid | BS |SagclS>  eleee|28 <|288/2 03,5 vel ped Peay [do 
a4 | Ae [KOR ZlaSSn|San|Se>/Sanlsolaco] 2 | 2 | 2|<808|<dan 
1/63} 42 | 2] 11 | 3] 58 |14] 3 | 22] 0} 14] 7] 98 | 51 | 4] 34] 4} 58 [5/16 | 12 6] 7” 
34| 46 131} 0415 | 68 0{ 2/5] | 9] 91] 8413/63] 4| 82 [5/88] 2) 79 | 8] 47 
65] 53 | 2/06 | 3 | 78 |38| 5 | 17] 7] 14] 5| 82 | 57 | 4] 38] 4] 64 3] 14 6| 92 
1/66} 39 | 1] 80 | 3] 47 |40] 8] 8] 9] 5] 3] 59 | 68 | 3/56] 4/53 2) 78 | 6] 25 
46} 36 | 3} 48 15] 28 36| 8} 9) 2] 90} 73 | 5} 5415] 32 3 | 75 9] 03 
71} 33 | 2/31 |] 3] 87 | 71 1} 25) 0} 11] 5] 86 | 59 | 4) 18/4) 50 2 87: 6| 74 
87) 35 | 2] 2415 | 55 [33] 2| 20; 4| 8) 3] 90} 611 4/62] 4| 58 3} 29 | 8] 84 
61] 20 | 1] 43 | 4] 32 33] 7] 11] 1] 81 | 58 | 3) 85] 4] 35 2] 81 7\ 13 
1/16] 21 | 3]54 1/31] 87 . | 83) 0} 15] 1] 74 | 55 5/58; 5 | 20 9} 07 
1/33} 91 2] 30 | 4] 02 [25] 2 | 2415] 16] 7] 99 | 50 | 4) 45) 4/54 [5)12) 3) 25 We 2a 
86; 49 | 2] 03 | 4] 69 |19] 4 | 24) 0} 13' 6] 86 | 44 | 4) 40/5) 40 3/ 30 7\ 99 
20] 95 | 4103 |7| 57 105] 0| 19) 2] 76 | 61 | 6| 0216] 16 4] 33 | 11] 90 
86) 52 |2)271)4 24 22) 6 17 90°} 54 | 4] 44} 4] 69 [5)17) 3] 20 vee 


COST OF CEMENT AND AGGREGATES 


The factors which combine to form the cost of the ma- 
terials of which concrete is composed are: Cost of cement; 
cost of sand; cost of crushed stone, gravel, slag, or cinders. 

Cement. The cost of cement will vary with the locality 
in which it is to be used, and also with the kind of cement 
used. The present market prices (July, 1913), for Portland 
cement are as follows: 

New York—$1.58 per bbl. delivered within lighterage lim- 
its, or 95 to 98 cents per bbl. in bulk at the mill; Boston— 
$1.72 per bbl.; Chicago—$1.20 per bbl., some large orders at 
$1.10. The charge of 10 cents each for sacks (or 40c. per 
bbl.) is rebated on return of sacks in usable condition. 

These prices vary with the amount bought, and freight 
charges will also depend upon this same quantity. Cement is 
packed for shipment in paper bags, cloth sacks, or wooden 
barrels. A barrel of Portland cement contains 380 Ibs. of 
cement, and the barrel weighs 20 lbs., making 400 lbs. in all. 
The content of a tightly packed barrel of Portland cement 
varies from 3° to 3 8/10 cubic feet. 

A barrel of so-called “Western” natural cement contains 
about 265 Ibs.. of cement, and the barrel itself weighs 15 
lbs.; but a barrel of Rosendale or other “Eastern” natural 
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cement contains 300 Ibs. of cement, and the barrel weighs 
about 20 Ibs. 

Although we have referred above to the weights of a 
barrel of the two cements, Portland and natural, the common 
unit of measurement, especially for shipment, is the bag. 
The ordinary barrel of Portland cement contains 4 bags, 
while a barrel of “Hastern”’ natural cement contains only 
3 bags. “Western” natural runs 2 sacks per barrel. In 
work of considerable magnitude, it is not uncommon to buy 
cement in barrels, or even in bulk. 

The charges for packing vary slightly with the method 
in which the product is placed on the market. A charge of 
10 cents is common for each sack, which is rebated if the 
bags are returned clean and in good condition. Cement 
in barrels is about 10 cents per barrel higher than bulk 
cement; while that in paper bags costs about 5 cents per 
barrel in excess of the charge for bulk material. 

The statement as to the number of cubic feet of Portland 
cement in a barrel as given above, refers to a packed 
barrel. When the cement is dumped from the barrel and 
loosened up, it swells considerably, and increases about %4 
in volume as compared with its original packed condition. 
A common assumption is that a bag of Portland cement 
contains 1 cu. ft. This assumption is rather crude, but will 
suffice for rough work. 

The costs in Table LXXI are based on the following con- 
stants: 

Cement (vol. 3.8 cu. ft.) delivered on job, per bbl. 


LGU shel. cet avers sib teva: olaiaye Sides SestePe aes peice rei eset OTe eee ci $1.75 
Broken stone (21 cu. ft. equals 1 ton), per ton........ 1.50 
Sand, <Der ews Wa UAUAC ON Oe. See es Mae ee ase 20 
Gravel (containing stone and sand in right proportions), 

POT CUA Y Cangas Siae 5 aty ahomrage oiansrdis alee, oeiere scpehatete ice Sates 1.15 
Labor (foreman, common and miscellaneous), .06 cu. ft., 

OF, DOr {CUL KOM. mel ac conten arevetromicios ceca eRe 1.62 


With common labor at 17% cents, bake: foreman at 30 
cents, per hour, 6 men will unload 600 bags of cement from 
a car in 3 hours, where the cement is passed directly from 
car to storage shed. Since this amount is equal to 150 
barrels, the unit cost per barrel is about 2 cents. 

If unloaded by wheelbarrows and wheeled a distance of 
100 feet, the cost will probably be about 5 cents per barrel. 

Weights of the various materials used in concrete, to- 
gether with the weights of various concrete mixtures, will be 
found also in the general tables of weights of substances. 
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TABLE LXxX! 
Data Regarding Cost of Various Mixtures of Concrete 
(Aberthaw Construction Company) 


_ Ratio. Volume 1 Cost Cost 
Volume of Ce- of a Batch pe . 7% of Cu. Ft. of Cu. Ft. 
ment, Sand, in Place ee Gaye a Broken Stone Gravel © 
Stone (Cu. Ft.) ? Concrete Concrete 
1: %:1 6.8 3.97 Yh P 
1 Pad: 2 9.7 2.79 0.87, ie 
1:13¢:3 12.6 214 283 $237 
5 WO pay 4 15.6 1.73 264 214 
1:236:5 19.0 1.42 246 195 
TS 22.8 1.18 23 179 
UAE sie leh | ae (oe ee ee 
1:43: 9 34.2 i) 2205 1154 
1:5. :10 38.0 ay! 200 149 
1:53 :1t 41.8 65 -195 145 
bE i Fi 45.6 +59 192 -141 


SR 

Sand and Gravel. The cost of sand may vary from 50 
cents a cubic yard up to $2.00 or over, depending upon the 
cost of labor, amount of labor necessary to produce a given 
amount of sand free from rocks or pebbles, the distance that 
the sand has to be hauled or shipped, the number of times 
that it has to be handled before reaching its destination, 
and the cost of preparing for proper use in concrete. 

A common price for sand, in cities, is about $1.00 per cubic 
yard, delivered; but this is only fairly approximate. If 
sand is to be bought by the load, a careful stipulation should 
be made as to the exact size of the load as measured in 
cubic feet. A i1-horse load of sand generally contains about 
22 cu. ft., while 2-horse loads vary from 1% to 2 cu. yds. 
It is commonly considered that 1% cu. yds. is a fair load, 
1% cu. yds. a good load, and 2 cu. yds. a large load. The 
weight of a cubic yard of dry sand is generally taken to be 
2,700 pounds. 

Some of the component parts which go to make up the 
total cost of a cubic yard of sand on the job are indicated as 
follows: 

Cost of building sand in bank is about 20 to 250 cents a 
cu. yd. This same sand on board a car would cost from 
40 to 50 cents a cu. yd. The freight charges for hauling this 
sand 50 miles are about 75 cents a cu. yd. The cost of 
hauling from the cars in teams is about 25 to 50 cents a 
cu. yd. Therefore it may be seen that there is no standard 
price for sand, since the cost of same will vary with any of 
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the above named quantities and according to the number of 
them which must be considered before the sand is at the 
place where it is to be used. 

The same conditions may be applied to gravel with a 
slight change in the figures. Gravel in bank is worth from 
15 to 20 cents per cu. yd., while on cars this price is raised 
to 35 or 40 cents. The freight for a 50-mile run is the same 
as‘that for sand, 75 cents per cu. yd. The cost of hauling 
by teams from the cars is from 25 to 50 cents per cu. yd. 
The usual price of gravel delivered when supply is near by, 
is about $1.00 per cu. yd. 

If it is desired to estimate the cost of sand from a bank 
in a locality near the structure, same may be done by fol- 
lowing this plan: 


Add together the cost of the sand per cu. yd. in the bank, 
’ the cost of ioading into wagons per cu. yd., the cost of 
hauling per cu. yd., and the cost of washing. 


It is estimated that a good workman will load 20 cu. yds. 


of sand into wagons per 10-hour day, while a slower man 
may only average 15 cu. yds. per day. Better figure on a 
15-cu. yd. basis. Divide the amount paid for labor by the 
number of cu. yds. loaded, and the result is one factor of 
the total cost—the cost of loading per cu. yd. 

The cost of team hauling is about 26 cents per mile of 
haul. If 1 cu. yd. makes a load, add 26 cents per cu. yd. 
for each mile of haul; or, figure at a rate of % cent for 
each 100 feet of haul. 

Allow for lost time of team while loading and dumping. 
This will ordinarily amount to about 5 cents per cu. yd. The 
above costs are based upon team hire at 35 cents per hour, 
and a rate of travel of 2%, miles per hour. Since the sand 
is only hauled one way, the expense of the total trip must 
be charged to the cost of the sand. 

Where sand and gravel may be unloaded directly from 
the car to the storage pile, the cost of shoveling will vary 
from 6 to 10 cents per cu. yd., with an average price of 8 
cents. This is based on common labor at 171% cents, and 
foreman at 30 cents, per hour. 


The cost of sand in Chicago (July, 1913), is $1.15 per cu. 
yd. in carload lots, f. 0. b. Chicago. 

If sand has to be washed before it can be used, the cost 
of washing may be figured as follows: For sand washed by 
the use of a single inclined platform fitted with cleats to act 
as stops for the sand, figure a cost of from 15 to 380 cents 
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per cu. yd., depending upon the cost of water used in wash- 
ing. 

If a pair of boxes or platforms are used so that one can 
be washed while the other is emptied, one man can wash 
about 30 cu. yds. of sand in a 10-hour day. The cost per 
cu. yd. for labor in washing will be this man’s wages, divided 
by the number of yards washed. To this price must be 
added the cost of shoveling the washed sand from the plat- 
form or tank which is not being used. This cost will be 
about 10 cents per cu. yd., depending on the rate of day 
wages paid. Any extra handling or shoveling of the mate- 
rial should be considered, since many times these little 
points make a great difference in the cost of a material. 

Broken Stone. The cost of broken stone is a varying 
quantity, depending upon the locality in which the stone is 
to be used. If the stone is to be purchased from the nearest 
dealer or from the nearest crusher, determine the cost of 
the material per cu. yd. at the plant or at the dealer’s, and 
add costs of transportation and hauling. If stone requires 
handling other than that required to load onto cars or 
wagons, and then hauling from cars to place where stone is 
to be used, add an allowance for each handling. 

If the contractor undertakes to furnish His own stone from 
a local quarry, he must figure the cost of quarrying, crush- 
ing, and hauling. Since these costs vary so greatly with 
the quality of stone handled, no set price can be given. 

Examples are stated where limestone has been quarried 
and crushed as low as 53 cents per cu. yd. of 2-in. size stone, 
while other cases using the same kind of rock will show 
higher costs. It is often stated that a fair price for quarry- 
ing and crushing limestone is about 75 cents per cu. yd., 
exclusive of quarry rent and the costs for labor necessary 
to remove the earth from the rock so as to get at the latter. 
To this price must be added the cost of handling and 
hauling. 

Another instance, where quartzite was quarried and 
crushed for concrete work, showed a cost of $1.00 per cu. yd. 
at the crusher. An extra charge of 50 cents per cu. yd. was 
made for hauling the crushed rock 2% miles. 

Instances are given where trap rock has been crushed 
in large quantities for as low a price as 50 cents per cu. yd., 
including the quarry cost; but this is too low to figure for 
ordinary work, and $2.00 a cu. yd. is not an extraordinary 
price for crushed trap rock. 

If stone is to be broken by hand, an ordinary laborer will 
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TABLE LXxXIl 
Voids in Pebbles and Broken Stone 


SIZES OF AGGREGATE Voips (Per Cent) IN 
i i cased int 2 .1.6in, 2 O.8.in: 
Pepsin = tine eit et ““ 0.8 * 0.4 “ |RoUND PEBBLES] BROKEN STONE 
ssbaeeea i 0 0 40.0 53.4 
Parte Taseed i 7 1 0 38.8 51.7 
0 0 1 41.7 — 
1 1 0 35.8 50. 
paste 0 1 35.6 47.1 
Ss = iL ieosixetal. 1 1 37.9 49.5 
on ie Reto ge | ui 1 85.5 47.8 
a naa 1 1 34.5 49.2 
m Sak Sa ES 4 1 36.6 49.4 
¥ eek | 1 4 38.1 48.6 
1 ees | 8 0 2 34.1 0 gheccocccsevece 


TABLE LXxXIill 
Percentage of Voids in Coarse Aggregates 


Be Be ite 14 
3 Fates] Frise <5 A 
i HS ise Zz ma 
Lo) e ZA om z aoe +f | 

& rs r= es Bee | ede ES 
my el mn mnP Pn Lon betedl >) me - 
og iS a a5 5 sa Ze Zee = 
as E =| HG | 282 | S8= | 33 5 
Eo o n aS | 885 } oma OH & 
i 57 53 55 67 58 60 61 
ig ee 54 50 52 54 55 57 50 
80 ** 51 47 49 51 52 54 56 
8 “* 48 43 45 48 50 51 53 
90 St 45 40 42 45 47 48 50 
95 ** 42 37 39 41 44 46 47 
100 “* 39 33 "36 38 41 43 & 
105 ** 86 80 83 85 38 40 42 
no “ 33 26 20 32 85 87 39 
5 “°° 30 23 26 29 82 34 36 
120 °° 27 20 23 26 29 81 84 
125“ 24 16 20 28 26 28 Bi 
130 *° 20 13 V7 20 23 26 28 
135 “° 7 10 13 vi 20 23 25 
140 * 14 6 10 14 17 20 23 

SS 


break about 2 cu. yds. of limestone into 2-in. sizes in a day 
of 10 hours. 

The above prices for crushed rock do not consider the 
interest and depreciation of plant, nor the cost of moving 
same if necessary. A fair price for a 9 by 15-in. crusher 
plant with rotary screen, portable bins, 15-h. p. engine, and 
20-h. p. boiler, is in the neighborhood of $2,200. 

A quarry plant consisting of 2 steam drills, a 15-h. p. 
steam boiler, necessary piping, and ‘tools, will cost about 
$1,200. 


The labor cost of setting up and dismantling such a 


us a ini 
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crusher plant as just described, together with hauling the 
plant for two or three miles, is about $75. 

The amount of crushed stone which can be loaded into 
a wagon per day depends upon the size of the stone and 
upon the material upon which it rests. In shoveling from 
an elevated pile where the shovel has to cut its way among 
the stones, a man can handle about 14 cu. yds. of loose 2-in. 
stone in a 10-hour day. If this same size of stone is shov- 
eled from the ground where it rests upon the earth, about 12 
cu. yds. per 10-hour day may be shoveled. If this stone is 
dumped upon a wood platform or platform faced with sheet 
metal, this rate will be considerably increased. Small stone 
under %-in. size may be handled easily without a platform. 

About 1 cu. yd. of crushed stone is a fair load for a 
team. 

The cost of broken stone in Chicago (July, 1913), is $1.15 
per cu. yd., f. o. b. Chicago. In New York, at the same time, 
it cost 90c. to $1.00 per cu. yd. for full cargo lots of 500 
cu. yds., delivered at the docks. 

Voids in Coarse Aggregates. Table LXXII, compiled by M. 
Feret, shows the percentage of voids to be found in round 
pebbles and broken stone of different sizes, and also in mix- 
tures of different sizes of each of these aggregates. 

Table LXXIII shows the percentage of voids in coarse ag- 
gregates as determined by weight per cubic foot. 

Weight of Crushed Stone. One cu. ft. of loose measured 
broken trap stone weighs about 90 pounds. A cu. ft. of 
broken stone, well shaken down, weighs about 100 pounds. 


TABLE LXXIV 
Compression Strength of Portland Cement Concrete 


AGE 1 MONTH AGE 6 MONTHS 
PERCENTAGE OF VOIDS IN PERCENTAGE OF VOIDS IN 
BroxKEN STONE OR GRAVEL BROKEN STONE OR GRAVEL 
MIXTURE —_. $$ | — | m— |—q— 
40% 45% 40% 45% 
Strength in Lbs. per Sq. Strength in Lbs. per Sq. 
Inch Inch 
1:14%:3 2,720 2,750 3,680 3,700 
PeQvs4 2,400 2,450 3.200 3,300 
1:23:35 2,100 2,200 2,800 2,950 
i stad AGS 1,900 1,950 2,600 2,650 
1:4 #:8 1,500 1,550. 2,000 2,100 
aH Hae OSE AN er a i ae A ee 


These values should be used with a factor of safety in 
construction. 
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A cubic foot of crusher-run stone also weighs about 100 
pounds. 
COST OF GRAVEL CONCRETE 


The comparison given on page 313, of costs of gravel and 
crushed stone concrete was made in a paper read by Mr. 
Arthur B. Henson before the Architects’ Business Association 
of Chicago, Ill. The materials were washed gravel and 
crushed limestone in combination with torpedo sand. The 
greater bulk of gravel concrete is due to the fact that gravel, 
on account of its rounded particles, averages 7% per cent. 
less voids than crushed stone. 


COST OF MANUFACTURE OF CONCRETE 
As the prices of labor and materials not only vary con: 


siderably in different localities, but are constantly shifting 
in the same locality, the reader will understand that it is 


impossible to give any quotations of prices that will be. 


reliable as of permanent or universal application. Any quota. 
tions given must be taken merely as proportionate, to be 
used in comparison with known quantities and methods. 

Mr. Edward Godfrey in his volume on Concrete says: 
“Cost estimates must be based on unit-values. The accuracy 
of the estimate will often depend upon the particular unit 
at which the estimate starts. The cost per unit will depend 
upon the particular plant or equipment employed and its iit- 
ness to handle the work most economically. 

“The plant or equipment needed to do a piece of work 
should be selected with a view to the size of the work and 
the time in which it is to be finished. Large equipment 
cannot, in general, be used economically on a small job, 
and small equipment cannot be used economically on a large 
job. The size, for example, of a concrete plant, should be 
such that its normal daily capacity is about equal to the 
amount of concrete that it is desired to turn out per day. 
For maximum economy, a plant should be employed con- 
tinuously. If stops must be made to wait for forms to be 
put in readiness, or for other causes, the concrete will cost 
more than if the work of the concrete mixing can be ear- 
ried on continuously. 

“For small concrete jobs, such as pavement work, hand 
mixing is more economical. Small batches may be mixed 
with a hoe or shovels in a box. Half-yard batches should 
‘be mixed on a platform by at least two men with shovels. 
The platform may be made of a steel plate or of boards 
placed with close joints on a frame. 


de) ie Die 


CARLOAD DELIVERY 
Limestone Concrete—1:2:4 


CONC WL OO TCU VCS. nC) ak aerense=s eitiemiaailc|«aisialviaw siees 100.00 
Sands oO) cna yds, Qs LOO so encase = +a Sewarn oe Hetent -.. 50.00 
Cement, 175 bbis., @ 85 cents.......2....... eae coed Ml48.15 


*108.5, | $298.75 


2.75% 
Gravel Conerete—1:2:4 
Gravel, 100 cu. yds.. @ $1.00.......... West Ge dio heat ~ $100.00 
Sand pOvensr yas (al 00 arte oe nuincr restos set) tepseevens creer 50.00 
Cementarlso bb15.,(@) So Cents cao aisietelcls cee seas i0 148.75 
2 108.5 +'734% = 116.64 | $298.75 
2.56 
Limestone concrete cosf......... Snipp eGo us ce aur 2.7514 per cu. yd. 
Gravel, Conerote, COSb sc .% 0.0 on ei in «0 aseue.s eve nisions 2.56., -per cu. yd. 
Savings on materials... ws. see cece 7..0,1944 per cu. yd. 
7% cost of handling and mixing, figured at $1.85 
fee GG obi ocgs donb o ead coodonanaoneAeandso6 0.12 9-10 per eu. yd. 
Mota SAVING aes seis ce aie at-tx aia) diel olelas=ts 0.32 7-30 per. cu. yd. 
TEAM DELIVERY 
Limestone Concrete—1:2:4 
Stones LOO car yds. (2) $100 leit orl yeas ieee cintielnie cteleies $150.00 
Sand, 50 cu. yds, @ $1.50....... Howeae don bA oreAad tithe: (EMU) 
Cement, 175 bbls., @ $1.00....... A Rermcniuet SAS Pee 175.00 


— 108.5 | $400.00 


3.68% 
Gravel Conerete—1:2:4 

Grave), 100 cu. yds., @ $1.50........ he ode Rm eee: $150.00 
Band, 50 cu. yds., @ $1.50....5.....6606--- Pn Ac DELO. . eno: 
Cement, 175 bbls., @ $1.00... 2... secs anew cesses ccesons 175.00 
116.64 | $400.00 

-3.42.9-10 

Limestone concrete cost....... SABA DOD OaC $3.68 2-3 per cu. yd. 

Gravel concrete cost .......-- Oe oe sie ea no aemme LO. per eu. yd. 

Saving on materials..........+-+-++-+-: $0.26 11-30 per cu. yd. 

7% cost of handling and mixing, figured at : 

$1.85 per cubic yard.......---++++--+-- $0.12 9-10 per cu. yd. 

Total SaVIDE .....eeere curse es ee reeres $0.39 8-30 per cu. yd. 


e Number of cubic yards of concrete 1:2:4 produced by above quant!: 
ties, according to “Taylor &. Thompson,"’ voids 47% %, 108.5. 
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“A typical gang, mixing and laying one-half cubic yard 
batches, is the following: 1 foreman, 2 men delivering sand 
and stone, 1 man delivering cement, 2 men mixing, 2 men 
delivering concrete, 1 man tamping. At $3.00 per day for the 
foreman, and $1.50 per day for each of the other men, the 
cost per day of the gang is $15.00. The gang should turn 
out about 20 to 25 cubic yards per day. This is a cost 
of 75 to 60 cents per cubic yard for labor. 

“A typical gang for mixing and laying by hand cubic 
yard batches, is as follows: 1 foreman, 3 men deéivering 
sand and stone, 1 man dGeiivering cement, 4 men mixing, 3 
men delivering concrete, 2 men tamping. The cost of this 
gang at the same wages as above is $22.50 per day. They 
should turn out about 40 cubic yards per day, making the 
cost of labor 56 cents per cubic yard. ; 

“The above examples give about average conditions, and 
show the cost of labor on hand-mixed concrete in heavy work 
where mixing and laying can go on continuously. If labor 
is cheap (and efficient), the unit-cost may be less, and vice 
versa. If materials can be deposited for easy handling, as 
when they are laid close to the mixing board and need only 
to be measured, the unit-cost will be reduced accordingly; 
whereas long hauls or high lifts, either before or after mix- 
ing, will add to the cost very materially. If the gang cannot 
be continuously employed, costs may be two or three times 
as much as the above. Concrete deposited in narrow forms 
will also cost more per cubic yard than in massive work. 

“With mechanical mixers, the cost of mixing concrete 
will be less than by hand-mixing, though the extra cost of 
skilled workers to run the engine and mixer helps to bal- 
ance the costs. Batch mixers should turn out about 20 
batches per hour.” 

On small jobs—even those requiring as much as several 
hundred cubic yards of concrete—it is ordinarily much 
cheaper and more expedient to mix by hand. This is, of 
course, especially true where only a small crew—say two to 
four men—are available for the mixing, and where the 
work is often interrupted or frequent moving is necessary. 

On large jobs it is more economical to mix by machinery, 
and this is the method generally adopted. The economy of 
machine mixing, on large jobs, depends to some extent on 
the use of labor-saving appliances in handling the raw mate- 
rials and the finished mixture. Wheelbarrow work in deliv- 
ering materials to the mixer and carrying away the concrete 
to where it is deposited, will make the cost relatively high in 
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TABLE LXXV 


Proportions of Aggregates Giving Maximum Density with 
Varying Mixtures of Cement and Sand 


Vorps PROPORTIONS OF MoRTAR 
IN he 
TILA L32e | bees | ; : : , i; 25%) 1: 
aie 41 1:3 [1 a1 4 | a4) 1:5 | 1:54 1:6 
(Per Cent) PROPORTIONS OF STONE 
20 5 10 12% | 1 17% | 20 22% | 2 27% =| 30 
3 4% 9% | 12 14% 6% | 19 2146 | 2334 | 26% 8% 
2 446 9 1114 13% 1814 20% 2254 25 27% 
23 44 8% 10% 15% 17% 19% 2134 24 2 
Bet te (pedis jee Hee 1 I ede 1g 
24 
26 334 734 9% 11% 13% 154% «=| 17% 1934 214 23 
27 3% iM 9%4 1 145% 1624 181% 204 22% 
28 3% 1% 9 10% 12% 1444 16 17% 19% 21% 
29 3% 7 82g | 10% 18% | 15% | 17% 19 2074 | 
30 3% 624 814 1 11% 13% 15 16% 1814 Avil 
31 34 6% 8 92 | 11% 118 14% | 16 17% 19 
32 3 6% 1% 94% ll 12% 14 15% 17% 1834 | 
33 3 rf 1% 10% 2 13% 15% 16%4 1814! 
34 3 1% 8% | 10% 11% | 138% 14% 16% | 17% 
85 2% 534 14% 84 1 11% 12% 14% 15% 17% 
36 2% 5% 4 844 9% | 11 12% 14 154 16% 
37 226 5} 6% 8 9% 10% 1214 13% 14% 16% 
38 236 514 6% 9% 10% | 11%°) 138% 14% 15% 
389 2% 5 6% 1% 10% 11% 12% 15} 
40 2% 5 6% 1% 8% | 10 114 | 12% | 138% | 1 
41 2% 434 6 1% 846 |. 9% ll 12% 13% 1424 
42 24 434 6 1% 834 9% | 10% 14% 
24 4% 5% 84 9% 10% 11% 12% 4 
44 234 4% 5% 6% 9 104 | 11% | 12% 1324 
45 2% 4% 5% 6% 73 8% 10 1l 12% 134% 
46 2% 4% 5% 6% 1% 82% 934 | 103% | 12 13 
47 2% 414 5% 6} 71% 84 96 10% 11% 12% 
48 2 4 54 6% $} 943 110% | 11% 12% 
MWh dle lle teaal dt ohie | eran iy tal de 
St 2 38% 5 6 6% 7% 8% 93, 10% | 11% 
52 2 38% 4% 5% 6% 774 8% 9% 10% | 11% 
53 2 3% 434 5% 3% 1% 8% 9% | 10% | 11% 
54 jp aks 3% 4% 5% 6% 1% 8% 9% 104% | Il 
55 1% Bye 4% 5 64% 1% 834 9 ll 
56 1% BY 4% 543 6% 734 8 9 9% 10% 
57 1% 3% 4% 5% 6% 7 8% 92g | 10% 
58 1% 3% 4 5% 6 7 71% 824 9% | 10% 
59 1% By4 4% 5 6 6% 1% 846 93g | 10% 
60 1% By 4 5 by 6% 1% 84 9% 10 


any case, which will be greatly reduced if the mixer can 
be fed by gravity from bins, and the concrete dumped into 
hauling cars. On small jobs, however, the saving in hand 
labor is usually more than offset by the cost of the mixing 
plant and its maintenance and operation. The relative cost 
of the two methods usually depends on local circumstances, 
and these must be taken into consideration in each partic- 


ular case. ° 
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Proportions of Aggregates for Maximum Density 


Table LXXV, compiled by Albert Moyer, shows the propor: 
tions of aggregates which will give maximum density with a 
minimum of cement. The voids in the stone, and the econ- 
omic proportions of cement to sand which will give the 
density and plasticity of mortar required on the particular 
concrete job, should first be determined; and the table may 
then be applied to show the amount of coarse aggregate to 
be used. 

For example, suppose that a mortar mixture of 1 part 
cement to 2% parts sand is decided upon, and that the avail- 
able coarse aggregate contains 33 per cent of voids. Then, 
looking. at the table, starting at 33 in the void column at 
the left, and passing over to the right until we come to 
the proportion column headed 1:2%, we find 7%, which is 
the number of parts of stone to be added to the 1:24 mortar 
mixture. 


Richness of Mixture. When classified according to rela- 
tive richness in cement, concrete mixtures are distinguished 
under four different headings—namely, Rich, Medium, Ordi- 
nary, and Lean. 

Rich Mixture.—A 1:2:4 concrete—that is, a mixture con- 
taining ingredients in the proportion of 1 barrel (4 bags) 
of packed Portland cement just as it comes from the manu- 
facturer, to 2 barrels (7.6 cubic feet) of loose sand, to 4 
barrels (15.2. cubic feet) of loose gravel or broken stone— 
would be called a rich mixture. 


Medium Mixture. A 1:2.5:5 concrete—that is, in the pro- 
portions of 1 barrel (4 bags) Portland cement, to 2.5 bar- 
rels (9.5 cubic feet) loose sand, to 5 barrels (19 cubic feet) 
loose gravel or broken stone—would be called a medium 
' mixture. 

Ordinary Mixture. A 1:3:6 concrete—that is, in the pro- 
portions of 1 barrel (4 bags) Portland cement, to 3 barrels 
(11.4 cubic feet) loose sand, to 6 barrels (22.8 cubic feet) 
loose gravel or broken stone—would be called an ordinary 
mixture. 

Lean Mixture. A 1:4:8 concrete—that is, in the propor- 
tions of 1 barrel (4 bags) Portland cement, to 4 barrels (15.2 
cubic feet) loose sand, to 8 barrels (30.4 cubic feet) loose 
gravel or broken stone—would be called a lean mixture. 

Quantities for Batch Mixing. Tables LXXVIII and LXXIX, 
compiled by Percy H. Wilson and Clifford W. Gaylord, show 
the quantities for a 2-bag batch. A 3-bag batch will require half 
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TABLE LXXVI 
Approximate Mixtures Adaptable to Various Classes of Work 
Rich, 1:2:4; Medium, 1:2.5:5; Ordinary, 1:3:6; Lean, 1:4:8 
(A. S. Johnson) 
Seen 


KIND OF WORK MIXTURB CONSISTENCY 
Abutments .....2-+.....-e+- Rich to Ordinary Medium 
Arches. ..ccccgeteue .-. Rich to Medium Medium 
Backing for Masonry. : ... Lean Medium to Dry 
Beams, Reinforced Rich to Medium Very Wet 


“ 


Plain... 
Cisterns 
Columns, Reinforced 
Conduits, Water .. 
Coping .... 
Culverts, Reinforced 
‘Plains. . 
Driveways . 
Fence Posts’... ° 
Floors, Reinforced . Cais 
Ordinary Ground. 
Footings ...... 
Foundations, Heavy Vibrating 
Machinery ....-ees0- 
Ordinary Machinery. 
Thin Walls..... 
“ Thick Walls... 
Girders, Reinforced 
Plaln.... 
Gutters .... 
Pavements - 
Piers .....0. 
Reservoirs ... 
Roof Slabs ..... 
Sewers, Reinforced 


eee 


eee 


“ 
“ 


wee 


Deesccsevvecs 


Slaewalke (Base) - 
(Sub-Base).. 


Walls, Dwelling Houses...... 
- Large Buildings....... 
_(Compression and Ten- 
sion) 

Large Buildings........ 
(Compression Only) 
Massive .i.cccccses 
Retaining ........ 
Thin Onc aations 
‘Tunnel 


oe 


eee eeeee 


Rich to Medium 
Rich to Medium | 
Rich 

Rich 

Rich to Medium 
Medium to Ordinary 


. Medium to Ordinary 


Same as Sidewalks 
Rich 7 
Rich to Ordinary 
Medium to Ordinary 
. Ordinary to Lean 


Rich . 

Medium 

Rich to Medium 
Medium to Lean 
Rich to Medium 
Same as Beams 
Same as Sidewalks 
Same as Sidewalks 
Rich to Ordinary 
Rich to Medium 
Medium to Ordinary 
Rich to Medium 
Medium 

Medium to Ordinary 
Ordinary to Lean 
Rich to Medium 
Rich to Medium 
Rich to Medium 
Rich to Medium , 


Medium to Ordinary 
Medium to Ordinary 


. Medium to Ordinary 


Rich to Medium 


- Medium | 


Very Wet to Medium 
Very Wet to Medium 
Very Wet 


) Mery Wet 
~ Medium 


Medium , 
Medium . 


Very Wet to Medium 
Very Wet to Medium 


‘Medium 


Medium | 


Very Wet to Medium 
Medium 
Very Wet to Medium 


Medium to Dry 


Very Wet 


Medium 

Very Wet to Medium 
Medium 

Medium 

Medium — 

Medium to Dry 
Medium to Dry 
Very Wet to Medium 
Very Wet to Medium 
Very Wet to Medium 


Very Wet to Medium, 


| 
Medium , 


Medium ~ 
Very Wet to Medium 


....... Medium to Ordinary Medium 


as much more of each ingredient; a 4-bag batch, just double 
If the aggregates used are sand 


the amount; and so on. 


and crushed stone or gravel, use Table LXXVIII; 


if natural- 


bank sand and gravel already mixed, use Table LXXIX. 
From these tables the quantities required for batches of 


any size can easily be calculated in the manner above de: 
scribed. They will simply be increased or diminished in pro- 
portion with the cement. 

If the number of cubic yards of concrete is known, and 
the cement is in barrels instead of bags, Table LXXX will be 


TABLE LXXVII 


Proportions of Cement, Sand, and Stone for Different Percentages of Voids in Sand and Stone 


VorIps IN STONE (Per Cent) 


PARTS OF 
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found useful, as it shows the quantities of cement and aggre- 
gates in one cubic foot of concrete of varying mixtures. 
For example, suppose the work consists of a concrete silo 
requiring in all 935 cu. ft. of concrete, of which 750 cu. ft. 
is to be 1:2:4 concrete, and 185 cu. ft. is to be 1:3:6 concrete. 


TABLE LXXVIII 
Quantities of Materials, and Resulting Amount of Concrete, 
for a Two-Bag Batch 
Aggregates—Sand and Broken Stone or Screened Gravel 
nnn nnn, eeeeeeeeeeeeeeeeeeeeeeeeeeEeEeEeEeEeEeEeEeEeEe—ee 
QUANTITIES OF MATERIAL | AMOUNT |SIZE OF MEASURING] WATER 


0 OXES FOR 
REQUIRED Concrete |(Inside Dimensions)| MEDIUM 
MIXTURE - OBTAINED ‘ Mies 

STONE OF |= 
CEMENT | Sa¥D | “Geavan Sanp |STONE oR 
Bags |Cu.FT.) Cu. Fr. U. Fr. soa hci GALLONS 
1:2:4 B 3% 14 8 Yxvxlexd’ x} 10 
z . 7 11k” 11” 
1:3:6 2 5% us. 12 2’ x 3’ x | 8’ x4’ x 13% 


11%” 11%” 


TABLE LXXIX 
Quantities of Materials, and Resulting Amount of Concrete, 
for a Two-Bag Batch 
Aggregate—A Natural Mixture of Sand and Gravel 


QUANTITIES OF 
Paoroemess | Marear | | 
f ___ REQUIRED Amount | Size oF | Water | 
; NATUB’L OF MEASURING FOR 
MIXTURE NATUR'L Mixturg| CONCRETE] Boxes | MEDIUM 


OBTAINED ri WET 
Cama ry Nes CEMENT or S.uR piunside ; MixTuRE 
AND . GRAVEL imens bs 
GRAVEL |"Bags | Cu. Fr. | Co. Fr. GALLONS 
wea |. 1 4 2 7 8% | texas | 10 
id % Wk” > 
1:3:6 1 6 rf ll 12 ax 4x 13% 
1:3 ¥% tit 


TABLE LXXX 
Ingredients in One Cubic Foot of Concrete 


QUANTITIES OF MATERIALS 


MIXTURE 
Cement Sand | Stone or Gravel 
1:2:4 | ~~ ..058 bbl .0163 cu. yd. | .0326 cu. yd. 
iL ROO .041 bbl. .0174 cu. yd. .0348 cu. yd. 
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Also enough sand and cement is needed to paint the silo 
inside and outside, in all 400 sq. yds. of surface, with a 1:1 
mixture of sand and cement. One cu. ft. of 1:1 mortar will 
paint about 15 sq. yds. of surface, and requires 0.1856 barrel 
of cement and 0.0263 cu. yd. of sand. Then we have: 
Cement— 


750 cu. ft. of 1:2:4 concrete is 750X.058 —43.5 bbls. 
185 cu. ft. of 1:3:6 concrete is 185xX.041 = 7.6 


Painting is a x.1856=-4.9 « 


Totala cements... <ce cee ale so nicles --- -56.0. bbis. 


Gand; 750- cu. ft. of 1:2:4 concrete is 750X.0163=12.25 cu. yds. 
185 cu. ft. of 1:3:6 concrete is 185X.0174= 3.25 


Painting © is ax. o263= 75 


Total sand PR iia a) Che TS cu. yds. 


to r Gravel— 
Stone 0 750 cu. ft. of : :2:4 concrete is 750X.0326=24.5 cu. ia 
185 cu. ft: of 1 73:6 conerete is 185x.0348= 65 “ .s 


Total stone or gravel.....<..........-31.0 cu. yds. 


Thus the necessary quantities of materials are: 56 bbls. 
of Portland cement; 16% cu. yds. of sand; 31 cu. yds. of 
stone or gravel. “ 


It is always wise to order two or three extra barrels of 
cement, if the dealer is at considerable diStance, as this 
avoids any possible trouble that a shortage might cause. 

Measuring According to Voids. As an approximate guide 
to the use of Table LXXVII and other tables, where a deter- 
mination of voids has been made, it may be pointed out that 
45 per cent voids in the coarse aggregate would indicate the 
average conditions, and would be about what is found in 
broken stone with dust screened out; 40 per cent voids 
would correspond to gravel or mixed stone and gravel; 50 
per cent voids would indicate poor grading, as in an agegre- 
gate screened to uniform size; while 30 per cent voids and 
under would indicate an aggregate graded with great care. 

Where voids have been determined in both sand and 
coarse aggregate, the upper part of Table LXXXII, which 
may be taken as representing average conditions, will be 
found useful. 

Where the voids are the same as in the upper part of 
Table LXXXII, but the cement is measured loose in a box 


after dumping from a barrel, the quantities should be deter- . 


mined from the lower part of the table, as under such condi- 
tions a barrel of cement yields 4.4 cu. ft. of loose cement: 


Pa 
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Concrete of Varying Mixture 


Stone, 1-1ncH | STONE, 2%-1INcH 


MIXTURE |AND UNDER, DUST|AND UNDER, DUST 
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TABLE LXXXII 
Ingredients in One Cubic Yard of Concrete 
(H. P. Gillette) 
Sand voids 40 per cent. Stone voids 45 per cent. Barrel of 
Portland cement containing 3.65 cu. ft. of paste. Barrel 
specified 3.8 cu. ft. 


PROPORTIONS BY VOLUME 1:2:4| 2:2:5 | 1:2:6 | 1:2.5:5 | 1:2.5:6 | 1:3:4 


d. c Late 1.46 | 1.30 | 1.18] 1.13 1.00 | 1.25 

poles comens OS ee 0:41 |.0:36 | 0:33 | 0.40 | 0:35 | 0:53 
Cu.yds.stone “ “ * - 0.82 | 0 1.00 | 0.80 | 0.84 | 0.71 
PROPORTIONS BY VOLUME 1:3:5 | 1:3:6 | 1:3:7|  1:4:7 1:4:8 | 1:4:8 

t d. concrete..-..-. 1.13 | 1.05 | 0.96 | 0.82 0.77 | 0.73 

ribet eae oe seecvevel 0.48 | 0.44 | 0.40 | 0.46 0.43 | 0.41 
Cu. yds.stone “ “ ~“ Soe eeecat 0.80 | 0.88 | 0.93 | 0.80 0.86 | 0.92 
SS ee SS oe 
SR ra oe ee Ee ee Se 
PROPORTIONS BY VOLUME 1:2:4 | 1:2:5 | 1:2:6 | 1:2.5:5 | 1:2.5:6 | 1:3:4 
aa a ne a be 
Bbls. cement per cu. yd, concrete....... 1.30 | 1.16 | 1.00} 1.07 | 0.96 | 1.08 
Cu, yds, sand fara By Saevees 0.42 | 0.38 | 0.383 | 0.44 0.40 | 0.53 
Cu. yds. stone “. sooeeee| 0.84 | 0.95 | 1.00] 0.88 0.95 | 0.71 
PROPORTIONS BY VOLUME 1:3:5 | 1:3:6 | 1:3:7 | :4:7 | 14:8 | 14:98 
gon per cu. yd. concrete....... 0.96 | 0.90 | 0.82} 0.75 0.68 | 0.68 

tig gts Ss aS 0.47 | 0:44 | 0.40 | 0:49 | 0:48 | 0.42 

. yds. es er ke oD be usescn 0.78 | 0.88 | 0,93 | 0.86 0.88 | 0.95 


From the above table it will be seen that the following 
rule can be deduced: Add together the number of parts, and 
divide this sum into 10; the quotient will be approximately 
the number of barrels per cubic yard. Thus, for 1:2:5 con- 
crete, the sum of the parts is 8, and 10+8=1.25 barrels of 
cement per yard, which is approximately equal to 1.30, the 
amount called for by the table. 


Hand Mixing and Placing 
If it is desired to analyze the cost of manufacture and 
placing of concrete, the following approximate prices for 
different divisions of the process will be of service: 
With men working under a good foreman, the loading of 


,; aero ree. 
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sand, stone, and cement into wheelbarrows will cost about 18 
cents per cu. yd. of concrete. Wheeling materials will cost 
about 6 cents per cu. yd. of concrete when the supply piles 
are not over 50 feet from the mixing board. The actual 
mixing of the concrete will cost about 5 cents per cu. yd. 
for each turn given to the mixture. The loading of the con- 
crete into wheelbarrows ready to wheel to the place where it 
is to be used will cost about 15 cents per cu. yd. Wheeling 
the concrete will cost the same as wheeling the materials 
given above. Dumping the concrete costs about 6 cents per 
cu. yd., while 20 cents per cubic yard is a fair price for 
a concrete which is moderately wet. If the concrete is to be 
lifted or hoisted above the level at which it could be easily 
wheeled in barrows, an extra charge should be allowed.. 

The above prices are figured on the basis of $1.50 per 
10-hour day for laborers. To the above costs must be 
added a proportionate part of the wages of the foreman, if 
one is hired extra. If the foreman is paid $3.00 per.day 
and 30 cu. yds. of concrete are mixed and placed in a 
particular piece of work, the charge to be added per cu. yd. 
is 10 cents. 

Although an example has been cited, showing where 13 
laborers under a foreman mixed and deposited 40 cu. yds. of 
concrete per day at a cost of 56 cents per cu. yd., other 
instances taken from similar conditions and at the same scale 
of wages could be mentioned where 16 men under a fore- 
man mixed and deposited only 27 cu. yds. of concrete per 
day at a cost of $1.00 per cu. yd. 

In each of the above instances the costs are for labor 
only, and do not consider materials. With inexperienced men 
or under difficult circumstances, these costs may he nearly 
doubled. 

Therefore the uncertainty of using published data when 
figuring on work is made clear. It is far better to divide 
the manufacture and placing of the concrete into its com- 
ponent parts, and apply to each operation a fair estimate 
for your locality, knowing the capabilities of your men and 
the manner in which they work. 

We suggest the following divisions for a fairly close esti- 
mate, where the mixing and placing are to be done by hand: 


(a) Loading from stock piles. 

(b) Wheeling cement, sand, and stone to mixing boards. 
(c) Cost of labor for mixing. 

(d) Loading mixed concrete into wheelbarrows. 
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(e) Wheeling to place to be used. 

(f) Dumping into place. 

(g) Spreading and ramming concrete. 
(h) Cost of superintendence. 


As a check on your own detailed estimate, the approxi- 
mate figures given above may be used for the sake of com- 
- parison. 

If the concrete has to be wheeled not over 50 feet, four 
experienced men should be able, on an average, to mix by 
hand and wheel to the place of deposit about 10 four-bag 
batches of 1:3:6 concrete in 10 hours. And since, from Table 
LXXVIII, one 4-bag batch will make 24 cu. ft. of concrete, 
the four men should mix and wheel in this period of time 
about 240 cu. ft. of concrete, or 240+27—8.8 cu. yds. This 
estimate, however, is for the very simplest kind of concret- 
ing, and makes no allowance for the labor of supplying ma- 
terials to the mixing platform or for building forms. 


Machine Mixing 


If the contractor decides to invest capital in a plant 
for mixing and placing concrete, or if he only purchases a 
mixer, he should not lose sight of the fact that the cost of 
his concrete is to be increased by a certain percentage made 
up in part of the interest on his invested capital, and in 
part of the depreciation in value of the plant which comes 
with use. Another point which he should not lose sight of is 
that the cost of repair to the plant, the cost of moving 
same from place to place, and the cost of labor and supplies 
necessary to operate the plant, should also be charged up 
to the work in hand in order to obtain a fairly correct esti- 
mate of what a certain piece of work has cost him. 

The actual cost of machine mixing is not a great factor 
in making up the total cost of the labor on the concrete. In 
the previous detailed statement of approximate costs, it will 
be seen that the cost of actually mixing the concrete by 
hand is given as 5 cents for each turn of the mixture per 
cubic yard, which is only one part of a total cost per cubic 
yard amounting to about $1.00. Thus it will be seen that 
the manner in which the materials are brought to the mixer 
and taken away again, together with the cost of ramming 
and spreading, is the true controlling factor. 

If we consider the actual cost of machine mixing, the 
style and size of mixer used will be of great importance. 
Prices ‘with various types of machines vary from 2 cents 
up to 15 cents per cu. yd. An average price for rough esti- 
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mating is often taken at 10 cents per cu. yd. for mixing 
alone. 

Taylor and Thompson state that on account of incidental 
expenses and delays caused in mixing concrete by machin- 
ery and hoisting to place, it is not safe to figure on a 
price of less than $1.50 to $2.00 per cu. yd. of concrete as 
the cost of labor for simply mixing and placing the con- 
crete under ordinary conditions. Prices even higher than 
these are often quoted, based on actual experience. 

An estimate on the cost of power for hoisting concrete 
where the concrete is dumped directly from the machine 
into a self-dumping conveyor or bucket and then hoisted to 
place, is about 5 cents per cubic yard. 

The cost of superintendence over a plant for small and 
average-sized jobs is commonly considered to be about 10 
per cent of the cost of the labor per cubic yard of concrete 
mixed and placed. This should be added to the actual labor 
cost. : 

Where concrete can be dumped from the mixer into wheel- 
barrows or carts and hauled or wheeled directly to the work, 
the cost of hoisting can be omitted and the cost of wheeling 
as previously given substituted in its place. 

Since there can be no standard price given for the mixing 
or placing of concrete by machinery, on account of the varia- 
tion in conditions in each particular piece of work and with 
the special apparatus used, it is better to make a careful 
analysis of each operation which goes to make up the process 
in each separate case, and then sum up the individual costs. 

The trade catalogues of the different manufacturers give 
sizes and capacities of their machines, and these firms will 
quote prices upon application. 

If it is desired to determine the depreciation on a plant, 
a fairly good method is to determine beforehand the price 
that a similar plant can be bought for second-hand. That 
will help to determine roughly the value of machine work 
as compared with hand work. 

Cost of Finishing Concrete Surfaces 

Reliable data and costs in connection with methods of 
surface treatment are difficult to obtain. Another difficulty 
is that in many of the processes in use it makes a great 
deal of difference whether the concrete is one day old or a 
week old. Take, for instance, the Quimby process. This 
process of wall finish is quite extensively used in Philadel- 
phia. The method consists in using boards of such width 
for the forms that each board will extend upwards through 
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@ space covered by one course of the concrete. These boards 
have small triangular strips of wood nailed along each edge, 
so that when the forms are in place, two strips will come 
together and form a seam in the surface. 

As the forms are removed from work which is already 
in place, they are carried up, and make a new course above. 
As soon as the lower forms can safely be removed, the con- 
crete surface is scrubbed with an ordinary scrubbing brush 
and water, and then washed off with a hose. Generally thig 
washing may be done on the day following the placing of the 
concrete, but depends largely upon the season of the year 
and the rapidity with which the concrete sets. If the con- 
crete has set too hard for ordinary scrubbing brushes to 
remove the film of cement and expose the aggregate, it may 
be necessary to use a wire brush, or even, in extreme cases, 
a brick with scouring sand. 

If the scrubbing is done when the cement is still fairly 
soft, one man can scrub about 100 sa. ft. of surface per hour; 
* but if the concrete has set hard, it may take a day to scour 
the same area. 


Grout or cement washes are often applied as a finish on 
concrete work. The cost of applying same with a brush on 
vertical surfaces is a varying quantity, depending upon the 
smoothness of the surface. An estimate of from 8 to 12 
Squares per day per man for one coat will not be far out 
of the way. 

The cost of the grout may be determined from the mixture 
used. A 1 cement to 2 sand mixture is a fair one, and 
should be mixed to about the consistency of whitewash. If 
the grout is to be brushed on, all ridges should be rubbed 
off and all holes filled before the grout is applied. 

If a mortar facing is to be used in the forms, the cost 
may be determined by figuring the cost of the special mix- 
ture separate from the other concrete, and estimating that 
8 squares per day may be scoured by one man when the 
surface is fairly fresh. 

The cost of removing efflorescence from walls by the use 
of scrubbing brushes and dilute hydrochloric acid is gener- 
ally figured at about 20 cents per sq. yd. of surface on plain 
work. On fancy work, or work which is irregular in design, 
this price may run as high as 60 cents per sq: yd. > Care 
should be taken to keep walls thoroughly wet while cleaning 
with acid solutions, to prevent the acid from entering the 
concrete. An example is stated in Gillette and Hills’ “Con- 
crete Construction,” where the cost of removing efflorescence 
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with wire brushes without acid ran as high as $2.40 per sq. 
yd. of surface. 

A finish which approaches the scheme of the Quimby fin- 
ish is produced by using rounded pebbles between 1% and 2 
inches in the smallest diameter, in place of the usual crushed 
stone for the surface layer in the forms. Before the con- 
crete has set hard, the surface is brushed until about one- 
half of the surface of the pebbles is uncovered. The cost . 
of this style of finish applied to concrete which was 24 
hours old was found in one instance to be about 60 cents per 
sq. yd. of surface treated. 

If a colored finish is desired, the same may be obtained 
by the use of colored aggregates, by the use of a coating or 
paint, or by mixing coloring matter with the cement. 

Table LXXXIII indicates the mineral coloring materials 
which may be used for giving various colors and tints of ce 
ment mortar, and the proportions of coloring matter to cement. 


TABLE LXXXIlI 


Materials Used in Coloring Mortars 


Pounds Pounds 
Color to | Color to 
Color Mineral 100 Pounds] Barrel of 
Cement | Cement 


Grayens ao oo Germantown Lamp Black........se+sse+s Mto’ 2 
Blackyisc sens Manganese Dioxide .........-eeeeereeeee a 12 48 
Black........-.| Excelsior Carbon Black.....-.ssessses.ees : 00 
Blue.c eden DO WGramaxinejeace ver cs cerccosees rn 20 
Green’ 23. Ultramarine Green......... , 6 24 
edie ete ce Tron" ONId@ oer car seaevan 24 
Bright Red.. Pompeian or English Red. net 24 
Sandstone..... Red-Purple Oxide of Irom.........+++-008s 6 24 
Broly Seno «- | Violet Oxide of Trom....3.6 5.0 i.00 cer eeess 6 ag 
enn nes Roasted Iron Oxide or Brown, Ocher. Teen 24 
Yellow or Buff} Yellow Ocher............ erate rar secre "6 to 10 24 


Table LXXXIV gives other information in connection with 
the coloring of mortar, and should prove of service. 

It is not uncommon to finish the surface of concrete work 
by bush-hammering or tooling. Costs for this class of work 
vary greatly; and, contrary to conditions where the surface 
is to be serubbed, the concrete should be from 30 to 60 
days old before it is worked. 

The cost ot bush-hammering is ordinarily considered to 
. be about 114 to 3 cents per sq. ft. when wages are 15 cents 
per hour. This ts based on the rate of 10 sq. ft. of surface 
worked per houx tor 8 good laborer. Costs are given in 
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* TABLE LXXXIV 
Coloring of Cement Mortar 


ees 
zm 
WEIGHT OF DRY COLORING MATTER To 100 LBs. CEMENT ps 
Dry : A a 
eee Re 
SED. 
1b. 1b. 2 Ibs. 4ibs. | &E 5 
,< 
re ae! Eee ee ee 
Lamp Black |LightSlate |Light Gray |Blue Gray ailenripas 15 
e 
}russian Light Green ee Blue Blue Slate (Bright Blue 50 
Blue Siate \ late Slate 
Ultramarine Bight Blue Blue Slate eet Blue 20. 
1 ate ate 
Yellow Ocher [Light Green |Pinkish Slate Light But | 3 
BurntUmber |Light Pinkish Dull Lav- _|Chocolate 10 
: Slate ender Pink 
Venetian Red /Slate, BrightPinkish|Light Dull |Dull Pink 2% 
Pink Tinge Sla ink 


te in 
Chattanooga, |Light Pinkish|Dull Pink ge Terra |Light Brick 2 
Iron Ure Ss! tta Red 


Red Iron Ore pinkish Slate |Dull Pink Tork Cotta Light Brick 2% 
| ee ee ee eee 
some instances as high as 26 cents per sq. ft. for high-class 
work. 

If pneumatic tools are used with a special point for con- 
crete work, from 400 to 500 sq. ft. of surface may be covered 
per day. This will often run as low as 200 sq. ft. per day 
when common laborers are employed. 

Another form of tooled finish is obtained by removing 
the forms while the concrete is still fairly green, and picking 
the surface with a light pick or tool. It is estimated that 
a laborer will pick over about 100 sq. ft. of surface per day. 


Cost of Waterproofing 

Covering capacities, or amounts to be used per unit of 
concrete, are stated by the manufacturers of standard com- 
pounds. If one of the standard integral preparations is to be 

used, all that is necessary is to determine the amount of the 
' preparation needed for the amount of concrete which is to 
be waterproofed, and knowing the price of the compound 
per pound or per gallon from the nearest dealer, add same 
to the cost of the plain concrete. 

For instance, suppose that it is decided to use a dry 
compound, or powder, which is to be added to the cement. 
when mixing the concrete. If the directions are to use 2 
per cent (by weight) of the powder to each barrel of 
cement, this would mean to use 2/100 of 400 pounds, or & 
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pounds of the compound. If this particular compound sells 
for 12 cents per pound, the added cost to the concrete per 
barrel of cement used would be 96 cents. This same line of 
reasoning may be applied to other cases as easily as above. 

If a surface method of waterproofing is to be used, there 
will be an additional cost of applying the compound. This 
cost will depend to a considerable extent on the condition 
of the wall surface. A rough, porous surface will soak up 
more of the material used, and will be harder to cover. 

In estimating the labor of applying surface compounds, 
it is often figured that a fair workman will cover about 8 
squares a day, using the liquid as a paint. The covering 
capacity of liquid compounds is commonly given as being 
from 100 to 150 sq. ft. of surface per gallon. Two-coat work 
is necessary in nearly all cases, the first coat requiring a 
larger amount of material and labor than the second. 

Concerns who manufacture the various compounds now 
on the market are always glad to furnish an estimate of 
the amount of their product needed for a given piece of 
work, and also to approximate the cost of applying same. 

As an example, the manufacturers of one compound which 
is used as a paint publish the following information in 
regard to their product: 

“The material costs $1.85 per gallon; and, with labor at 
60 cents per hour, 8 squares of 100 sq. ft. may be applied 
in an S-hour day. A gallon will cover a square and a half, 
one coat.” 

Detailed examples showing cost of applying soap and alum 
washes for waterproofing purposes, are not easy to obtain, 
put should be fairly approximated from the results fol- 
lowing: On a reservoir in which about 132,000 sq. ft. of 
surface was covered with two coats of soap solution and 
two coats of alum solution, each wash applied alternately 
at intervals of 24 hours, 900 pounds of Olean soap were 
required, mixed in the ratio of % pound of soap to 1 gallon 
of water, and 210 pounds of alum mixed in the ratio of % 
pound of alum to 4 gallons of water. This would indicate 
about 3%, pound of soap per 100 sq. ft. of surface to be 
covered, and about 1/6 of a pound of alum. Two men ap- 
plied these solutions with 10-inch brushes, other men bring- 
ing the pails of material to them ready for application. 
According to the statement given in connection with this 
job, the two men applied four coats of solution, two of soap 
and two of alum, to the bottom and sloping sides of this 


reservoir in 8% days. 
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This seems to be a very rapid rate of-work, and is prob- 
ably due to the fact that the operation really consisted in 
spreading the solution over a ground surface with no lifting 
of the materials as in the case of a wall or overhead work. 

Where a surface has practically to be “painted” with the 
solutions, 8 to 12 squares a day per man would probably be 
a closer estimate for labor. 

A Sylvester mortar has been made by mixing 3 pounds of 
powdered alum with each bag of cement and using water in 
which 1%, pounds of light-colored soft soap is dissolved in 
each 15 gallons used. This mortar is mixed 1:2, and applied 
in two separate coats, making a sheet about % inch thick. 
The cost of such a mortar will exceed the cost of an ordi- 
nary mortar by about 60 cents per barrel of cement used. 
It is figured that about 2 pounds of soap and 12 pounds of 
alum are needed per barrel of cement. 

Hydrated Lime in Concrete. Hydrated lime increases the 
water-tightness of concrete. Effective proportions of hydrated 
lime for water-tight concrete were found by Mr. Sanford HE. 
Thompson to be as follows: 

One part Portland cement; 2 parts sand; 4 parts stone; 
add 8 per cent hydrated lime. 

One part Portland cement; 2% parts sand; 4% parts 
stone; add 12 per cent hydrated lime. 

One part Portland cement; 8 parts sand; 5 parts stone; 
add 16 per cent hydrated lime. 

These percentages are based on the weight of dry hy- 
drated lime to the weight of dry Portland cement. 


CEMENT BLOCK CONSTRUCTION 


Table LXXV, based on figures furnished by Mr. J. A. 
Smith, and published in “Cement Era,” gives valuable infor- 
mation concerning the use of hollow cement blocks in build- 
ing. 

In order to show the profits to be made by the manufac- 
ture of concrete blocks, a block machine company submits 
the following: 


dy barrel, Gament.> saan cetecmice serra raise © ue cinerea ee $1.50 
0. custt./clean ‘sands Si¢hoipes st eos oe Seen eee 135 
LGicu, ft. Stone>.or eravelsmovan Cts desis. «ost hiiie Geant 2 

Materials for 55) blocksmeostegers ute tn cae oe ere $2.57 


There are 960 cubic inches in a block 6x8x20, or, material 
for one block, 4% cents. 
Count 500 blocks per day— 
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It is often figured that blocks for a 10-in. wall will cost 
about 16 cents per sq. ft. of wall surface out of the wall. 

Table LXXXVI, compiled by the Ideal Concrete Machinery 
Company, gives valuable data regarding the sizes, necessary 
raw materials, and equivalent brick displacement of the 
blocks made by their machines. 

The same company has made a comparison between the 
use of concrete blocks and brick for buildings, and bases this 
comparison on the following details: 

Tf a man were to build a house or a residence of bricks, 
and he desired to substitute blocks for bricks, he would find 
that where he would build a 2-brick wall, he would substitute 
12-in. blocks; and if he would build a wall 1% bricks thick, 
8-in. hollow blocks. 

The 8x8x16-in. block, including the joint, covers 128 sq. 
in. wall surface, and consequently one square foot of wall 
surface would require 1.12 blocks. One square foot of wall 
surface of the brick wall would require 21 bricks. It will 
therefore take 54 blocks 8x8x16-in. to substitute 1,000 bricks 
in a wall 114 bricks thick. 

The price for laying these 8x8x16-in. blocks, which weigh 
about 50 Ibs. each, should not exceed 5 cents each. 

Cost for laying 1,000 bricks, average not less than... .$ 5.00 


Cost for laying 54 blocks at 5 CtS.......-sseeseeeess 2.70 
Saving in laying the equivalent of 15000" bricks 2... $ 2.30 
Purchase price for bricks will average for face bricks 

amd common not less than ........--:++eeeeeeereeeee 14.00 
Cost of manufacturing 54 blocks, for labor and mate- 

rial, at 934 cts. Cach.......se sere ee ceeeeees ePaevelel she 5.30 


Saving in cost for the equivalent of 1,000 bricks, using 

(Hist) SRE aoe Bela oon oO SO oEUOO SUD Gon Oo On COO OU GOD At $ 8.70 
Of, if we figure the total saving for material and lay- 

ing, this saving will be for each 54 blocks, substitut- 

ing the 1,000 bricks, $2.30 for laying, $8.70 for ma- 

NERA as BO Ban 6 Boos b Groner uO on CHICU COUT Total, $11.00 

Suppose now we were to build a two-story residence, about 
40x40 feet, of bricks. The outside walls would require about 
90,000 bricks; and by substituting the hollow blocks for the 
bricks, there would, on the outside walls alone, according 
to above calculations, be saved $990.00, and a proportional 
amount might be saved on the partitions. 

Finally, it must be considered that if the blocks are well 
made with a facing of 1 cement and 2 sand, and partic- 
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ularly if 1 to 2 per cent of waterproofing filler—which will 
increase the cost of the block %4, cent only—is mixed in the 
facing material, the cost of lathing and furring, and also 
the rough coat of plaster, can be saved. 

A mason should lay from 2 to 3 blocks in the wall in 
the same time it takes him to lay 14 bricks of the equal 
of but one block. A common mason will lay one hundred 
8x8x16-in. blocks per day, but a first-class one will do better. 
The cost of laying cement blocks will vary with the class of 
work desired. We find upon investigation that prices vary 
as to the laying of blocks in the wall. They can be laid 
as cheap as 2 cents each, but we prefer to make a conserva- 
tive estimate by placing the average cost at 5 cents per 
block. Contractors figure the cost of laying a common brick 
at $5.00 per M. under ordinary conditions. 

This company states that an average value for 8x8x16-in. 
blocks, in the above instance, is about 93, cents each. 
Their method of arriving at this cost is based on the fol- 
lowing data, the unit-price to be adjusted for various locali- 
ties: 

* One block, including joint, of 8x8x16-in., has 32.6 per cent. 
voids, and contains 0.39 cubic foot of material; consequently 
one cu. yd. of mixed material will make about 69 blocks 
8x8x16-in. 

It is recommended to use a mixture for the facing, of 1 
cement and 2. sand; and for the balance of the block, 1 
cement, 2 sand, and 3 gravel, in which the pebbles for the 
gravel do not exceed 34 inch diameter. 

The material necessary to prepare 1 cu. yd. of mixture is 
approximately 1.54 lbs. of cement, 0.47 eu. yd. of sand, and 
0.73 cu. yd. of gravel, being sufficient for 69 blocks. 

For manufacturing 100 blocks there are needed 2.24 bbls. 


cement, 0.68 cu. yd. sand, and 1.06 cu. yds. gravel, which, at 
the following prices, will amount to: 


2.24 bbls. of best Portland cement at $2.25 DeLsbbiScaer $5.05 
0.68 cu. yd. of sand at $1.25 per cu. Vd soe eee ere meee .85 
1.06 cu. yd. of gravel at $1.50 POT. «Wd. cache ak eae 1.59 
Cost of material for 100 blocks 8x8x16-in.............. 37.49 


In manufacturing these blocks, some claim that two labor- 
ers of ordinary intelligence can do all the work incident to 
the manufacture, and can with ease turn out 200 blocks a 


day. On this basis, for one man $1.50, and for the other 
$2.00 per day: 
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COSHELOLL A DOr et Ots LOOMDIOCKS © en,. islets si oles © eels ie $1.75 
Incidentals $1 per day, or for 100 blocks............... 50 
Cost of labor for 100 blocks 8x8xl16-in.............+.6. $2.25 
Or total for material and labor for 100 blocks........ 9.74 


It must be considered that the above calculations are 
made for a capacity of 200 blocks a day; and that if several 
machines are operated and power mixer employed, and 
where, on account of larger consumption, the ram material 
can be had cheaper, the manufactured block will be cheaper. 

Additional information in regard to blocks is furnished 
by the Lansing Co., and shown in Table LXXXVII. 


Number of Blocks Required 

In estimating the number of blocks required, the simplest 
method to pursue is to figure out the superficial or face area 
of the building. First, multiply the length around the build- 
ing (in feet) by the height of the wall (also in feet); let us 
call this quantity A. Find the surface of gables by mul- 
tiplying width of gable by its height, and dividing by 2; 
call this quantity B. Find the surface of each opening by 
multiplying its width by its height, and add together all 
the areas of the openings; call this quantity C. Then add 
together the quantities A and B, and subtract from their sum 
the quantity C. The result will be the net or actual face 
surface to be covered with the blocks (in square feet). Di- 
vide this by 100 by simply pointing off two figures at the 
right, and this will give the number of squares of 100 feet 
each to be covered. 

Then turn to Table LXXXVIII, and multiply your number 
of squares by the number in the right-hand column opposite 
the size of block to be used. The result will be the number 
of blocks needed for the building. 

For example, suppose the superficial area to be covered 
is 1,525 square feet. This will be 15.25 squares of 100 feet 
each. If the blocks are to be 8x8x16-in., find this size in 
the left-hand column of the table, and look across to the 
right, where you will find the number 112. Then 11215.25= 
1,708, which is the number of blocks required. 


Cost of Concrete Blocks 
The following example of cost calculation is based on 
conditions that may be regarded as approximately standard: 
The. facing mixture is 1 part Portland cement to 2 parts 
coarse, sharp, clean sand; and the body of the block 1 part 
cement to 2 parts sand and 3 parts gravel or broken stone, 
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TABLE LXXXVIII 
Concrete Block Data 


‘ 
a 


ae dicta BLOocKs HoLLow BLocKs nie Rage 
2 | s | a 483 Bes zs cee i258 So | Per Sovare 
3 = & SS $* 84 £2 Eee Sosa oe OF 100 FxET 
8x 8x16] 73 | 3 48 50 49 7 112 
Gxwxi6| 9 | 27 38 67 37 71 112 
8xi2x16 | 109 22am ese 80 31 44 112 
dx 8xie| 35 | 68 99 24 | 100 | 144 224 
Axloxl6| 44 | 54 79 32 70 | 109 224 
4xizxie| 53 | 44 66 39. | 63 91 224 
Six Ox 164] a7 A 8 Si Ate ot Beeler 112 
8x 8x2 | m2 | 22 31 77 32 45 18 
exiox2| 140 | 18 25 92 25 38 15 
8x12x24 | 166 15 a | 1 21 31 75 
4x 8x2| 54 | 46 65 37 66 94 150 
4x10x24| 67 | 36 52 rrp es 76 150 
4x12x24| 79 | 30 44 55 a4 63 150 
8x 4x2] 55 | 44 Oo aie sere ol Soc cee Vee 75 


eee (See es ee ee RES 


The figures given in the above table for the weight 
of hollow blocks and the number produced from one 
barrel of cement, can, of course, be taken as only approxi- 
mate, since the size of the air-space in different blocks 
varies. It ranges from about 27 to about 32 per cent, or 
averages about 30 per cent, of the total space occupied 
by the block. 


the gravel or broken stone to range in size from one-fourth 
to three-fourths of an inch in diameter. 

One barrel cement contains 3% cubic feet. 

One cubic yard contains 7% barrels. 

One cubic yard of sand and 3% barrels of cement will 
zive a 1:2 mixture of cement and sand. 

One cubic yard of sand and gravel and 1% barrels of 
cement will give a 1:5 concrete mixture. 

For manufacturing 100 blocks 8x8x16-in. in size, there are 
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needed 2.24 barrels of cement, 0.68 cu. yd. of sand, and 1.06 
cu. yds. of gravel or broken stone. The cost of making 
100 blocks will therefore be approximately as follows: 

2.24 bbls. best Portland cement at $2.00 per bbl. = $4.48 


0.68 cu. yd. sand at $1.00 per cu. yd. = .68 
1.06 cu. yds. gravel or broken stone at $1.50 per cu. 
yd. = 1.59 
Cost of labor for 100 blocks —— eo 
Incidentals for safe margin per 100 blocks ==5) .OU 
Total cost of 100 blocks 8x8x16 in. =$9.00 


The above figures are ccnservative estimates of cost for 
materials and labor. They may vary to a greater or less 
degree, depending on the locality—distance from sources of 
supply, local labor conditions, ete. 

Ordinarily blocks cost less than common brick. For com 
parison of cost with brick construction, the following fig- 
ures showing the equivalent number of brick displaced by 
blocks of various sizes, will be found of help: 


Equivalent 
Size of Block No. of Brick 
with Mortar Joints. Displaced. 
Sxe SXUG MTG. ea recvere chic crore weit che tee mei ek tate e eas 14.22 
SXTORLG RIM WO s osha. talc c Rite Dee Re ee: Clos ee ae 17.77 
SXLIXEG GIN’, Sates wists ee oe oR eaten ree ce aint ae ee ee Zileos 
ACUSELG TIN, Chet cis ald ates meek eteleet te cic tene Oe CRT ane ances WAL 
AxXLOX1G SIM vstasclnbicee scat oc ceca reece eee 8.88 
ASTI GUD ite acre, ibe Peiee ie Leesa eNO ee eck nrc 10.66 
Sx AUG Nn iit, coteuaw creo MRCaR ave eee te Mattacc ia: cece ec eaee em e Wah: 
SX CSKoES Ts. Sais eee esate ee eR ee eco one eee eae Zivo 
Sx LOR DE Tin Vie oe. Shaved se uk aioe Mirena ee eee oa 26.66 
Smee DA} ATs aera a tei-cPayeohosghs Bese IRIE evs So tie ess 32.00 
Ax" Sx 24) ti SM cictety 2 Cant ak Brecher coke he ee 10.66 
AXTOKZ EIN, love, chose a acter ately ene RAIR eS eee ee ene ea Lists 
ARVO KDE TNS sere eee ot sorte eee ee tee eee ee et aes 16.00 
OX ALAA AM cr vane says hore #6 MIS ene rie Rae coe ee 10.66 


Cost of Special Facing for Blocks. Many times it is de- 
sired to use a special facing on concrete blocks, and, in con- 


nection with same, the Thompson Architectural Company pub- 
lish the following data: 


Highest grade, light color. 2 to 1 Mixture. 

100 bs) MiG) sandy foe $0.40  Hquals 1% cu. ft. tamped, and 

50 lbs. white cement.. .63 will cover 48 sq. ft. surface, 
é —— % in. thick, or 2.14 cts. per 


$1.03 sq: ft. 
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4 
Regular block facing, light. 
L00s1DS) ME Co sande... $0.40 2% to i Mixture. 

40 lbs. white cement... .50 ## Will cover 45 sq. ft. surface, 
—- *% in. thick at a cost of 2 cts. 
$0.90 per sq. ft. 

Reg. block facing, medium. 2% to 1 Mixture. 
100° Ibs. (“M..G. sand... . $0.40 Will cover 45 sq. ft. surface, 
30 lbs. white cement.. .38 % in. thick at a cost of 1.82 


10 lbs. gray cement... .04 cts. per sq. ft. 

$0.82 

Reg. block fac’g, med. dark. 21%, to 1 Mixture. 

100 lbs. M. C. sand..... $0.40 Will cover 45 sq. ft. surface, 
20 ibs. white cement.. .25 % in. thick at a cost of 1.62 
20 Ibs. gray cement... .0% cts. per sq. ft. 

$0.73 
Regular block facing, dark. 2% to 1 Mixture. 


100 lbs. M. GC. sand....$0.40 Will cover 45 sq. ft. surface, 
40 lbs. gray cement... .16 % in. thick at a cost of 1.26 
— cts. per sq. ft. 
$0.56 


_ Allowing 10 per cent for overrunning estimate, one ton 

of special facing sand will face approximately one thousand 
8x8x16-in. blocks. The above prices are average sand car- 
loads; cement, retail. In some localities where freights are 
high, and materials are purchased in small quantities, the 
cost would be more; in others, less. 

Another form of estimate is that the cost of white cement 
on the basis of $5.00 per barrel is nearly 2144 cents for each 
8x8x16-in. block, and about 8% cents for each 8x8x24-in. 
block. 

White sand will cost about 1 cent for the 8x8x16-in. 
blocks, and 114 cents for the 8x8x24 in. blocks. 

The above estimate is on a basis of a facing mixture of 1 
part cement and 2 parts sand, with the facing 14-in. in thick- 


ness. : 
CEMENT BRICK CONSTRUCTION 


In regard to the cost of making cement brick, which may 
vary in localities, one can figure this cost from the following 
data, for each thousand brick. 

Mixture Cement Sand 
A 1:3 brick takes 3.8 barrels and 1.7 cu. yds. 
A 1:4 brick takes 3.05 barrels and 1.8 cu. yds. 
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A 1:5 prick takes 2.55 barrels and 1.9 cu. yds. 
A 1:6 brick takes 2.18 barrels and 2 cu. yds. 
A 1:7 brick takes 1.9 barrels and 2 cu. yds. 


The size of the standard cement brick is 81%4,x4x2 inches. 
A brick of this size contains 66 cu. in. and has an average 
weight of 5 pounds. 

It requires 26.2 bricks of standard size to make 1 cu. ft., 
and 707 standard brick to make 1 cu. yd. 

The number of bricks of standard size required in walls, 
allowance being made for waste, is as follows: 

1 sq. ft. of wall, 1 brick thick will require 14 brick. 


1 “ “e “ee “ 1% “ “e “ oe a1 “< 
i “c “ “ee “ec 2 “e «<< “ee “ 28 “ 
i! “ “ec “ec “ 2% “ “cc “ “ 35 “ 
a “ “ “ “6 3 “ “< «c “ec 42 “ec 


One bricklayer, with a helper, will lay 1,500 brick in a day 
of 10 hours when working on an ordinary wall. In face or 
front work, he will lay from 1,000 to 1,200. 

The number of brick of standard size required per sq. yd. 
in sidewalk work is 38, provided they are placed fiatwise. If 
placed edgewise, the number required is 73; and when placed 
endwise, 149 are required. 


CEMENT STUCCO EXTERIORS 


Cement stucco walls, when used with ordinary frame con- 
struction, may be built either as independent slabs, or by 
using the stucco as a veneer coat over a sheathed framework. 

Framing. The framework of studding for a stucco house 
is of the ordinary “balloon” type. Studding 2 by 4-in., spaced 
12 in. on centers, is used. These studs should run entirely 
from the foundation sill to roof-plate, without any interven- 
ing horizontal grain in the wood. At two points between 
the foundation and eaves—midway between floors will do— 
the studding should be braced with 2 by 3-in. bridging, placed 
horizontally, but with the faces of the bridging inclined in 
alternate directions in adjacent spaces, as shown in Fig. 32. 
Foundations should be built a few inches above grade, and 
a cement water-table placed at grade, so as to keep the 
stucco up away from the ground. This water-table should 
project 2 or 3 in. from the face of the stucco surface. 

Floor-joists are supported by 1 by 6-in. strips let into the 
studding at the proper height and firmly nailed. 

Sheathed Walls. Where sheathing is desired, and a 
veneer coating of stucco is to be used, the sheathing should 
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be sound and dry, %-in. thick, and from 5 to 6 in. in width. 
The boards are nailed diagonally across the studding, in 
order to increase the stiffness of the structure. Over the 
sheathing should be fastened two thicknesses of a good grade 
of heavy waterproof building paper. This paper assists in 
keeping in the warmth in the building, and also protects the 
wood sheathing from rot due to dampness. 

Furring. Where rods or crimped furring are used, painted 
or galvanized material should be provided. The size should 
be such as to allow a 14-in. space at least between the metal 
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Fig. 32. Wall Section Showing Detail of Stucco Construction 
as Recommended by the Associated Metal Lath Manufac- 
turers. 

and wood, but not over %4-in. This furring should be fas- 

tened along the face of the studding with No. 14 gauge gal- 

vanized staples. These staples should be placed about 5 in. 
apart, and should be of sufficient length to go through the 

metal and astride of furring strips into the wood at least 1 

in. When furring is fastened to metal uprights or members, 

galvanized wire should be used. 

Lathing. Metal fabric of some type is now stapled onto 
the furred uprights. Although these sheet materials are 
usually specified by gauge, the true gauge of the sheets of 
metal from which the manufactured material is made may 
have been changed to a considerable extent. It is better to 
specify both the gauge and the weight per square yard of 
material. The weights are given in catalogues of manufac- 
turers, and may be depended upon very closely. Painting 
adds but little to the weight of the sheets, while galvanizing 
adds from .75 lb. to .90 Ib. per sq. yd., according to the gauge 
and type of material. When galvanized sheets are used, care 
should be taken to see that the galvanizing was done after 
all other manufacturing processes had been completed. 

The sheets of reinforcement should be fastened horizon- 
tally; that is, rib materials should have the ribs run across 


342 RADFORD’S ESTIMATING AND CONTRACTING 


the studding, and expanded metal should be placed with the. 
long dimension of the mesh horizontal. In expanded metal, 
the dip of the strand should be inward and downward, away 
from the workman, so that a perfect key can be formed. 
Grounds should allow at least %-in. over face of steel. Edges 
of sheets should lap about the width of mesh, and no more, 
simply to make the sheets stiff; and the meshes should nest. 

For best results, a sheet material weighing not less than 
3 pounds per sq. yd. should be used, fastened horizontally, 
as described above, over the furring strips on the 12-in. 
spaced studs. The sheets of metal between furring strips 
should be tied with No. 18 gauge galvanized wire. Excellent 
results have been reported in cases where a sheet material 
of No. 24 gauge and weighing 34% pounds per sq. yd. was 
used. 

If a metal corner-bead is not used, there should be 6-in. 
strips of metal lath bent around the corners and stapled over 
the side lathing, unless the sheets of side lath as applied 
are bent around the corners and fastened. A combination 
of corner-bead and strips of lath is often recommended. 


Mixtures of Materials Used. Three-coat plastering is gen- 
erally recommended where a considerable thickness of mate- 
rial is to be placed. The first and second coats should be of 
good thickness, and the finishing coat should be thoroughly 
waterproofed. - The object is to use a Portland cement mortar 
with as little lime in it as will make it work properly. Clean, 
long, winter cattle hair, or clean fiber should be used for 
binding the under coats, 

For the first and second coats the following mixtures have 
been recommended as giving good results: 

(1) Lime mortar made by mixing 2 barrels of hydrated 
lime; 1 yard of clean, sharp sand free from loam; and 4 
bushels of cattle hair. This mixture should be made up at 
least 3 days before using. 

(2) Cement mortar made by mixing 1 part of Portland 
cement with 2 parts of clean, sharp sand free from loam. 
This mortar is mixed in small batches as used. 

The lime mortar and cement mortar should be mixed and 
tempered separately. When used, equal parts of mixture, (1) 
and (2), are measured carefully, and mixed well together. 

The finish coat should contain no lime; and if a lighter 
color is desired, white Portland cement should be used. A 
waterproofing compound of some kind should be mixed with 
the finishing coat. This compound should be used exactly as 
specified by the manufacturer. 


ee ee ee ee ee 
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Often a mixture of 1 part Portland cement and 2% parts 
enarse sand is used as a finishing coat; and sometimes a 
part of the sand is replaced by an equal amount of small 
pebbles or stone screenings passing a %4-in. screen and free 
from dust. 

To insure an even color on this completed job, the in- 
gredients should be thoroughly mixed dry until the mass has 
an even color; then add water until the proper consistency is 
reached. Care should be taken not to use too much water 
so that more ingredients will have to be added to thicken 
the mixture. Do not mix a greater quantity of cement plaster 
than can be applied before the cement begins to set. Plaster 
should never be used after it has once begun to harden, but 
should be thrown away. 

Applying the Plaster. The first coat should be of such a 
thickness that it will cover the metal lath or fabric and fill 
the meshes. As soon as this coat has hardened sufficiently, it 
should be scratched at right angles and at about 45 degrees 
to the horizontal. The scratcher used should not cut a sharp 
line in the plaster, but should form grooves with ridges on 
the sides, so as to present a rough surface for the following 
coat. 

The second and all following coats should be applied after 
the preceding coat has hardened, but preferably before it has 
had time to dry out. Each coat should be brought to a true, 
plane surface, and, with the exception of the finishing coat, 
should be scratched in the same way as the first coat. 

Immediately before placing any coat of plaster, the pre- 
ceding coat should be thoroughly drenched with water, and 
then covered with a grout coating of neat cement mixed 
with water to the consistency of thick cream. A calcimining 
brush may be used for this purpose. The coat of plaster 
_ should then be put on the wall before this grout wash has 
had time to dry. 

The number of coats of plaster will depend upon the loca- 
tion and finish desired. Two coats are sometimes used, but 
more often three or more coats will give better results. It 
is often specified that no coat shall be more than 14-in. thick, 
regardless of the thickness of wall desired. The different 
coats are known as the first or scratch coat, intermediate 
coat, and finish coat. Three-coat work is recommended in 
nearly all cases, and igs seen to be necessary in many, espe- 
cially where thick work is desired. Smooth or float finishes 
are more satisfactory in 3-coat than in 2-coat work. It is 
very difficult to straighten a wall properly in a second coat 
and float it to a good surface at the same time. 
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The thickness of stucco exteriors varies in different in- 
stances from %-in. to 1%4-in., depending upon the type of 
building and the kind of sheet steel reinforcement used. 
Where a wall is to be back-plastered, the backing coat adds 
about %-in. to the total thickness of reinforced slab. 

Finishes. The last coat of stucco work may be finished 
smooth, pebble-dash, or rough-cast. The smooth. coat is ap- 
plied in the usual manner and is floated and troweled to a 
smooth finish. Objections to this type of surface are that 
variations of color show readily, and that cracks are more 
likely to occur, due to troweling. 

Pebble-dash finish consists of small pebbles about 14-in. 
in size, which are mixed into a paste of Portland cement 
mortar and thrown on the wall with a trowel or wooden 
paddle. A mixture of 5 parts mortar to 1 part pebbles, by 
volume, is said to give good results. The work should be 
started at the top and confined to a space of about 6 sq. ft: 
per man; and it should be continuous so that one patch of 
plaster may not dry before the spaces adjoining are covered. 

Waterproofing. It is claimed by some architects and engi- 
neers that a small percentage of hydrated lime mixed with 
the cement mortar produces a stucco which is practically 
waterproof. A frequent specification calls for a mixture of 1 
part Portland cement, 2% parts clean, medium-grained sand, 
and 10 to 15 per cent of hydrated lime. This percentage is 
based upon the amount of cement used in the mixture. 


Stucco on Brick, Stone, Tile, etc. When cement stucco 
is to be used on stone, brick, concrete, or terra-cotta wall 
surfaces, either as a first finish or as a means of covering 
up deterioration of materials, care should be taken to clean 
the surface to be plastered and remove all loose particles 
of material, before applying the stucco. In brick or stone- 
work, all loose mortar should be removed from the joints, and. 
joints raked out to a depth of % to %-in. After the surfaces 
and joints are cleaned, the wall should be thoroughly wetted 
until it is saturated to such a degree that no water will be 
taken from the cement coating which is to be applied. A 
brush or hose may be used in wetting the wall. 

The method of plastering to be followed is similar to that 
already described. The first coat should be put onto the 
wall while it is wet, and plastered on thickly enough to cover 
all irregularities in the wall surface. : 

Where expense will permit, it is good policy to cover 
stone and brick walls with metal lath furred out by steel 
rods or 4-in. metal furring strips fastened to wooden plugs 
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driven into the joints of the masonry, or held by galvanized 
staples 2-in. by No. 9 gauge driven into the mortar joints. 
This furring should be placed on about 12-in. centers. 


Cost of Exterior Plastering, or Stucco 


There are three popular finishes for exterior work—Float, 
Rough-Cast, and Pebble-Dash. 

Float finish is two-coat work, and is, therefore, the cheap- 
est of the three. It is best adapted to surfaces of small area. 

Rough-Cast and Pebble-Dash are applied in the third coat 
and are to be had in great variety of texture and color. 

Cost depends largely on the location of the work, the 
amount of scaffolding required, and the handling of the door 
and window trim. The Northwestern Expanded Metal Com- 
pany claim that it should not, however, exceed an average 
of $1.50 per sq. yd. of surface plastered complete; and in 
small towns and on the farm, where nearly all of the labor 
involved in putting on the lath and getting ready for the 
plasterer is done by the owner, it should be much less. This 
company has a record of work having been done as low as 
62 cents per sq. yd. 

Other sources of information give the price of 3-coat work 
on expanded metal lath as $1.25 to $1.75 per sq. yd. when 
work is put on in panels, but only from 85 cents to $1.00 
per sq. yd. for plain, straight work. These prices include 
putting on the lath and all materials, but do not include the 
cost of staging. 

CEMENT MORTAR 

The area which one barrel of Portland cement in various 
mixtures will cover with coating of varying thickness, is 
shown as follows: 


Thickness Yield in 
Proportions of Coating 
isaac cvaterenc! steratote alate etal sata Siete. stats ae 
Hie@ement rer ast hes chsleyetoralstase evetatsts Wiahiben Raanireh omuOC COU COO OURAN 
AMSA SE ie ode aie oi.o Biele sik e bile, oe VAbT eR hncd golae a8 onl coma ercrhac 
eeitiennetannss op doododcRducgguaros 
f i Rist 5 ae or Gls bauosucdrdnee 
Parc ements bine nao lee Oe eae BAD. event eer t ene ees eee ne ene: 
nt TEE Vo eae me, 6h ae te OED Sunt Osta oe CO Want) ape n een o0 04000 cr Ono Onor 
Wapina ters a tcteysteiatetanctepsincarencceparelateneters t= 
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The quantities of cement and sand required for 100 sq. ft. 
of surface, with various mixtures and thicknesses of mortar, 
are shown in the accompanying table: 
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TABLE LXXXIX 
~ Cement and Sand for 100 Sa. Ft. of Plaster 


Cubic 
PROPORTIONS Thickness Barrels Yards 
Cement Sand 
One ipart-cements shh ce oe eke walle 34 in, 72 3 
Seti ae eee 6 in. 48 14 
Two parts sand....... } bak aa ae 
a aw Rance 33 
Onepart cement. .a) sean eee Nee aie “4 in. : : 
L : .33 who: 
Phree Parts Sana... sfeiec s:s)< s/s cioleee : 4 son ee 48 
ee ee ee 
TABLE XC 
Quantities of Materials for One Cubic Foot of Cement Mortar 
MIXTURE Cement Sand 
Barrel ee 
SOG Hrs Meera heel oases tunis cae tones See Lee 0.15 5 
Le re prialgeter es fs Late. oath GING SON ngals ALG Se 0.12 0.03 
re ae eat Dee eens See O71 0.04 


The amount of water to be used may be taken as that 
indicated in Table XCI, which shows the percentage of water 
required for a 1:3 mixture. This percentage will vary, where 
different cements are used, according to the percentage that 
may be necessary for giving normal consistency to the neat 
cement paste. 


TABLE XCl 
Percentage of Water for Standard Sand Mortars 
One Cement One Cement 
Neat Three Standard Neat Three Standard 
Ottawa Sand Ottawa Sand 
as Bs a eee 
15 8.0 27 10.0 
16 8.2 28 10.2 
17 8.3 29 10.3 
18 8.5 30 10.5 
19 8.7 31 10.7 
20 8.8 32 10.8 
21 9.0 33 11.0 
22 9.2 34 11.2 
23 9.3 35 ub WS 
24 9.5 36 11.5 
25 9.7 37 LDS, 
26 9.8 38 11.8 
SSS SS ee eee 


For example, if the neat cement requires 18 per cent of 
water for normal consistency, then 8.5 per cent of water will 
be needed for the 1:3 mortar mixture. The percentages of 
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water indicated are percentages by weight, being based on 
the weight of the dry material. 
COST OF SMALL CONCRETE DAM 
Where a small dam is to be built not more than 6 feet 
above the bed of a stream, Fig. 33 and Table XCII will prove 
of value in estimating quantities of material needed. 


WALLIS wad 
Fig. 33. Section Showing Design Fig. 34. Section Showing 
of Concrete Dam. Design of Simple Grav- 


ity Retaining Wall. 
(Courtesy of Atlas Portland Cement Company.) 
RETAINING WALLS 

The quantity of materials needed for retaining walls is 
figured in the same manner as indicated for foundations and 
walls, care being taken to keep separate the quantity of 
each mixture of concrete. The volume of excavation should 
be found by the method already explained, and figured ac- 
cording to the costs given on page 127. 

Fig. 34 shows a simple form of retaining wall. The 
quantities of materials needed for constructing this style of 
wall in different heights and sizes are given in Table XCIII. 

CONCRETE TANKS 

Heidenreich gives the cost of reinforced concrete tanks 
built of light dimensions but of rich material, resting on the 
ground, and without roof; approximately as in Table XCIYV. 


TABLE XCIl 
Dimensions for Small Dams, and Quantity of Materials for 
Different Heights of Dam 
Proportions: 1 part Portland cement, to 2 parts sand, to 4 
parts gravel or stone , 


AMOUNT OF MATERIALS PER Foot 


Height |° Depth OF LENGTH OF DAM 


above Bed below, Bed| Thickness] Thickness 
0: of . S 
Stream | Stream Gament Sand ree ot 
They! P Seed Bags Cu. Ft. | Cu. Ft. 
1% % . 34 1% 
is 1 ik 3 
1% is 4 8 
2 2 5 10 
2 336 6% 1334 
2 ate 8% 17}¢ 


TABLE XCIII ; 

Dimensions of Retaining Walls, and Quantity of Materials for 
Different Heights of Wall 

Proportions: 1 part Portland cement, to 21% parts sand, to 5 
parts gravel and stone. 


‘Height | AMOUNT OF MATERIALS PER 


of | Thickness |Thickness |Thick OnE Fr. 
we Total | ae AS canes T. LENGTH OF WALL 
above | oF Walt Base Ground Top © 
Ground : B Level : Gravel 
H ; Cement | Sand or Stone 
Feet: | Feet | Ft. In.] Ft. In.] I 
: § A 2 : e “Oe Bae ser he Cu. She 
2h 
4 8 2 9 1 il 12 “ol ve . ii 
2) tit br LH adele oe lvcae ela teat 
5 43. 1 : 
3 8 8B 10 2 8 18 i ty 4 z 
12 4 est 18 7 1634 33 
ee ne 


Note—A large single load of sand or gravel is about ; 
A large double load of sand or gravel is about 40 cunie thet, speed She 


TABLE XC!IV—Cost of Concrete Tanks 


Capacity Cost per 
in Gallons * Gallon 
L000: ..2o. i 22a ee eens sae 61%4 cents 
25000) Aire SIMS eh Wich re ad 5 oa 
D5 000) %5 Sin sccyels acc Ne ae, Se eee ae ge Ad. 
10,000 nts, dike eed auc eee Oa a4 
ZOSO0O Seah aaa ee ates Op nue 3 Y 
100,000, ies snjolive Sanat ayes SemNet he 2 “ 
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CONCRETE FENCE-POSTS 


In estimating the cost of cement posts, first find the 
number of cubic inches in the size of post to be made. Then 
determine the mixture of cement and aggregates to be used. 
If we decide to use a 1:2%:4 mixture, 1 barrel of cement 
will produce about 20 cu. ft. of concrete. Twenty cu. ft. of 
concrete, reduced to cubic inches, is: 

201,728=34,560 cubic inches. 

Divide this number by the number of cubic inches of con- 
crete in the desired post, and the result will be the number 
of posts which may be made from 1 barrel of cement and 
the stated quantity of aggregates. Adding to the above cost 
about 6 cents for reinforcement, and 5 cents for labor, the 
result will be the cost of an ordinary fence-post, not counting 
the cost of the mold. 

The cost of concrete fence-posts will vary with the size 
of the post, cost of materials in a given locality, and the 
cost of labor. 

The following estimate based upon the manufacture of 
20 posts measuring 6 by 6 in. at the bottom, 6 by 3 in. at 
the top, and 7 ft. long, from one cu. yd. of 1:24%:5 concrete, 
will serve as a guide: 


TL0sbblss of Cement) ati $2/00. vec ee ctewwe se cio ae $2.20 
42 cu. yd.-of sand at $1.00...........+2..+0--% 42 
E89) cu, yd.) Of, eravels at $1.00 -(~ ier ccc ovieicie » ove 83 

Materials for 1 cu. yd. of concrete............ $3.45 
COncrete: LOL mim DOSU seers cisistelsieilstelels Relel lalelerein eee $0.17 


28 feet of .16-in. steel wire at 3 cents per pound. .06 
Total cost of concrete and metal for 1 post... .$0.23 

Allow an average charge of 7 cents to cover cost of mix- 
ing concrete, molding, handling, and cost of molds, making 
a total of 30 cents per post. 

Another estimate on 1,000 concrete fence-posts 9 ft. long, 
4 by 4 in. at the top, and 4 by 6 in. at the base, showed that 
these posts cost about 65 cents each. The concrete mixture 
was composed of 1 part Portland cement, and 2 parts stone 
screenings ranging in size from dust to %4-in. Each post 
was reinforced with four %4-in. Johnson corrugated bars, one 
in each corner. Cement cost $2.00 per barrel; screenings, 75 
cents a cu. yd.; and reinforcing steel, 34% cents a pound. 

Two men at $2.00 per day could produce about 40 posts 
per day. These men also mixed the concrete, and moved and 


watered the posts. 


350 RADFORD’S ESTIMATING AND CONTRACTING. 


ESTIMATE on 12’ PANEL 


OHIGH WITH 1” BELOW SURFACE AND POSTS 4” IN GROUND 
T £3 BBLS 12 -4 CONCRETE 
Sine" 0.8%. 1 POST & 
STONE 1. 6°¥-WALLLCOR: a 
BER REINFORCEMENT. 
sskD/ ide rea A img ountt 


Fig. &. 
Fig. 35. Solid Cast Concrete Fence, Showing Forms and Rein- 
forcement. Designed by G. H. Detrick, Pulaski, Va. 


SOLID CAST CONCRETE FENCE 

Fig. 35 shows details of a cast concrete fence and the 
forms for making same, as well as an estimate of material 
for a 12-{t. panel of enclosure. 

The concrete mixture was of 1 part Portland cement, 
2 parts sand, and 4 parts crushed stone. The reinforcement 
consists of fcur 3¢-in. diameter steel rods placed near the 
corners of the post and extending throughout its full length. 
Two %-in. diameter rods are placed near the base, as shown, 
to prevent vertical cracks. ‘Two other similar rods are 
placed in the coping. Both sets of horizontal rods extend a 
few inches into the next section, as shown. 

A panel of enclosure wall 12 ft. long and 6 ft. high, with 
12 in. of concrete below grade, and posts 4 ft. in the ground, 
will contain about 13% cu. yds. of 1:2:4 concrete, and is said 
to cost about $1.50 per running foot, depending, of course, 
on the extent of the job and the local cost of material, labor, 
etc. The cost of two sections of lumber forms is stated to 
be about $15, and they can be used for a considerable length 
of time if made properly and coated with some kind of lubri- 
cant to prevent the concrete from sticking to them. Differ- 


eo 


OF at i |? 
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ent heights of fence may be built from the same forms, by 
taking off or adding to the bottom as the case may be. 


REINFORCED CONCRETE LINE POLES 


Trolley and transmission line poles made by the Fort 
Wayne & Wabash Valley Traction Co. were stated to cost 
as follows: 

Trolley poles 32 ft. long, 10 in. square at a section 8 ft. 
from the bottom, and 6 in. square at the top, were reinforced 
with eight %-in. twisted steel rods. One of these poles con- 
tained 22% cu. ft. of 1:3:3 gravel concrete and 122 pounds 
of steel. This pole weighed 3,300 pounds, and cost $7.50 
at the gravel pit. 

Transmission poles 42 ft. long, 12 in. square at a section 
8 ft. from the bottom, and 6 in. square at the top, were rein- 
forced with eight %-in. twisted steel bars, four of which 
were 32 ft. long, and four 42 ft. long. Each pole contained 
29 cu. ft. of concrete, 242 pounds of reinforcing bars, and 
21 pounds of stéps. The weight of these poles was 4,400 
pounds, and they cost $13.00 each. 


CONCRETE DRAIN-TILE AND SEWER-PIPE 


The following figures, which are only approximate, are 
based on a mixture of 4 parts of sand to 1 part of cement. 
Placing sand at $1 per yard, cement at $2 per barrel, and 
labor at $2 per day, we have the data given in Table XCV. 

Table XCVI shows the comparative weights and cost of 
concrete and cast-iron pipes from 1 ft. up to 4 ft. diameter: 
it is based on the price of $7 per cu. yd. for concrete, and 314 
eents per lb. for cast-iron pipes. The thicknesses for con- 
crete pipes of various diameters have been taken as approx- 
imately proportional to the thickness of cast-iron pipes of 
the same diameter, the 4-ft. pipes being used as a basis for 
calculation. : 

The first cost of concrete pipes at the place of manufac- 
ture would, according to the table, be less than 1/12th of 
the cost of cast-iron pipes. The cost of transportation and 
of installing the concrete pipes would, on account of the 
greater weight and greater number of pieces, probably be 
very nearly double the cost for cast-iron pipes. On account 
of the lack of reliable data regarding this cost, it is very 
difficult to give a fair comparative estimate of the cost of 
the two styles of culverts in place. However, since trans- 
portation and installation of iron pipes is but a small pro- 
portion of the cost of the completed culverts, it is evident 


TABLE XCV 
Concrete Tile and Sewer Pipe Data 


S1zE OF Cost Cost Cost 
TILD ‘THICKNESS SanD CEMENT LABOR 
IVA es Jc ARS 144-inch $0.02 $0.12 $0.06 
14-Inch’s tesatos es 13¢-inch 0.025 0.16 0.065 
£6-Ineh "a. ee aslee 14-inch 0.035 0.20 0.075 
AB-Inch vor... co eee 15-inch 0.04 0.22 0.085 
DOAN eco. a ee 134-inch 0.05 0.25 0.10 
22 Tncha andes ek 1%-inch. 0.06 0.30 0.11 
PA-Tnieh (Ge ican 2 tee 2-inch 0.07 0.35 0.15 | 
SO-INGR aes ts oe tees 21-inch 0.09 0.53 0.20 
SO-ENCH s ciamsieios on. s 3-inch 0.13 0.70 0.30 
40. Inch Asis s ohiotses 314-inch 0.16 0.80 0.36 
Cost ONE 
‘TILE 24 Cost Dax's Wokk ' 
Ins. LonG PER FT. FOR 3 MEN 
A S-ENGHW ie ose see wae waite $0.20 $0.10 100 tile 
pL 4-[neh x). sleet Matin aaneetese 0.25 0.125 90 tile 
16- niches Ww awit te phic eee 0.31 0.155 80 tile 
vib Ineh pei atc. PA Sek teen 0.345 0.172 70 tile 
20-Inch ........4...0.- iskiatd 0.40 0.20 60 tile 
foam AUCH’? \grbs ot viele wee oe 0.47 0.235 50 tile 
Ae LNB, Sex nse a ie ee ie 0.57 0.285 40 tile 
20-TACH a igs. som higgins Bec ge 0.82 0.41 25 tile 
peO-Lachs RITES ea k gen OS 1.13 0.565 20 tile 
BUI NGA Soha cs saci oh Cheer 1.32 0.66 16 tile 
TABLE XCVI 


Relative Thickness, Weight, and Cost of Cast-Iron Pipe and 
Concrete Pipe 


S1zE AND KIND oF PIPE THICKNESS WEIGHT PER ree PER 
Lin, Fr. . Lin. Fr. 
12-in., cast-fron.......... 0.. 33/64 In. 5 
concrete........6. 2.0 : & Lbs $ oi6 
48-in., cast-iron.......... 0. 47/64 “ 167“ 5.43 
. Conerétes circ cs <eicts 3.07 - 220 eee 0.36 
24-in}) cast-lrons as. ae an 1.0 ? 260' > 8.13 
concrete..... isdelviole : A e ALD Tite 
30-in., cast-iron.........: 1/1/16 ae 834“ 10.86 
concrete.........- 4 be 602) * 0.88 
$6-in., cast-iron.......... 1 z 450 “* 14.63 
CONCIEE. ..ceecece 4 LM 676 1.10 
42-in., casi-lron.......0.. 1 de 600 * 19.50 
CONCTETE eee eis 5% ms 960 * 155 
48-in., cast-iron.......... 1 oi/16 we C25 mus 23.56 
CODCKELE. see eee eee a 1,181“ 1.8 
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that the cost of a concrete pipe culvert in place would be 
but a small fraction of the cost of a cast-iron pipe culvert ° 
of the same diameter, provided the pipes were hauled only 
moderate distances. 


CONCRETE SIDEWALKS, CURBS, AND GUTTERS 
See section on “Sidewalks, Curbs, and Gutters.” 


CONCRETE BRIDGES AND CULVERTS 
See section on Bridges and Culverts. 


CONCRETE RAILROAD TIES 

A report issued by the Maintenance of Way Department 
of the Galveston, Harrisburg & San Antonio Railroad, re- 
lating to costs of the “Percival” concrete tie is as follows: 

Size of tie, 914 in. face, 9 in. deep, and 8 ft. long. The 
ends of the base are made oval for 3 ft., with an average 
bearing of 5 in. under the rail. The center of the tie is 
cut away for about 2 ft. The matrix contains 3 cu. ft., 55% 
cu. in. The weight per tie is 445 pounds. Each tie is 
reinforced with four corrugaied steel bars—three 14-in. bars 
near the upper face of the tie, and one %-in. bar in the base. 

The concrete was composed of 1 part Portland cement, 
1 part sand, and 4 parts erushed sand rock. The concrete 
was hand-tamped in the molds, and was exposed to moisture 


for 10 days. 

The following detailed costs were reported: 

Cost per Tie 

Tesmecompleter tenes ete a eek ee eile oslo sareleietrisi sins eleeie $1.8500 
Freight and labor, distributing............-....++4+. .0239 
Serippine track s...aec ole cele + cia 2 Fo eels ees cis 1832 
TRIG RNTIINE?, 6 64 bomen 5 ooo GOO oinpin conoid idl chin Gadi 1532 

AMPS LESWL, «of oi ss csuc Me neg set Cut gC AAO: SPARC RROD OO Oe LOR CIO NORE $2.2103 


Detailed Cost of Handling and Installing 100 Ties 
Unloading and distributing ties: 


1 hour’s work train service........-.-++-+e-> $ 1.46 
6 laborers 1 hour at $1.25 per day.......... AD 
1 foreman 1 hour at $55 per month......... 18 
$ 2:39 
Stripping track and taking out old ties: 
11 laborers 1 day at $1.50 per day.......... $16.50 
1 foreman % day: at $85 per month......... 91 
1 foreman %4 day at $55 per month...... ates 59 
1 timekeeper 14 day at $30 per months 33 


18.32 
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Installing 100 concrete ties: 


9 laborers 1 day at $1.50 per day........... $13.50 
1 foreman 1% day at $85 per month.......... 7 t92 
1 foreman 14 day at $55 per month.......... 59 
1 timekeeper %4 day at $30 per month....... 22 
15.32 
Resurfacing track and dressing ballast: S 
12 laborers 1 day at $1.50 per day........... $18.00 
1 foreman 1% day at $85 per month......... 91 
1 foreman 1% day at $55 per month........ 59 
1 timekeeper % day at $30 per month....... Ss 
19.83 
TOLL crc s ce cikt cciolercustceteisteiients mare veress Pease erie a POOLOG 


CONCRETE PILES 

Ordinary concrete piles cost from 60 cents to $1.00 per 
linear foot when driven. Special types cost from $1.00 to 
$1.50 per linear foot. For small quantities of piles made at 
one time, the cost of ordinary piles may run as high as 
$1.65 per linear foot. 

The cost of concrete piles, as compared with that of wood 
piles, was brought out in a striking manner during the erec- 
tion of the new buildings of the United States Naval Academy 
at Annapolis, Md. Calculations showed that by using con- 
crete piles a saving of over $27,000, or more than 50 per cent 
of the cost of wood piles, could be effected. The various 
factors which tended toward the economy resulting from the 
substitution of concrete piles, are thus stated by Walter R. 
Harper, inspector in charge of the work: 2,193 wood piles 
were replaced by 885 concrete piles; 4,542 yards of excava- 
tion was reduced to 1,038 yards, saving 2,504 yards; and 3,250 
yards of concrete footing was reduced to 986 yards, thus 
saving 2,264 yards. Shoring and pumping, which would have 
cost $4,000 had wood piles been used, were entirely elimi- 
nated. 

Table XCVII shows a detailed statement of the comparison. 

The saving in the cost of foundations by the use of con- 
crete piles was $27,458.18, or more than half the original 
cost of the foundations as designed with wood piles. 


| 
COST OF CONCRETE SILOS 
Tables XCVIIIT and XCIX, compiled by the Universal Port- 
land Cement Company, give an interesting comparison of costs 
of both monolithic and block silos of various sizes and built 
in different localities. 


ih elie allen 


= 


—— a 


TABLE XCVIi 
Comparative Cost of Wood and Concrete Piles 
Wood Piles 


2 VISE DILOs AL SUDO ke ce tes os eels oi cheys ose crete $20,835.50 
4,542 cubic yards excavation, at $0.40.... 1,816.80 
3,250 cubic yards concrete, at $8.00...... 26,000.00 
5.222 Ibs. i-beams, at ‘$0.04%.2 wet. «on se 208.88 
SHOTS PANG DUN OIN Sse sete er clisl are e ns'e) overs) stare 4,000.00 
Y broyareW (ACCS) re a Sen Re Oa REO ES $52,861.18 
Concrete Piles 
Sb ome DIL SSame bi a0: OUR mar crisis cls chs ereiererst are $17,100.00 
1,038 cubic yards excavation, at $0.40.... 415.00 
986 cubic yards concrete, at $8.00...... 7,888.00 
Sirvaye tis Briel goivenauelsy Ao nrinn Soames oo otse. coodsdae 
Tirat eases 5 ten ee as ede ee "25,403.00 
IDibatseOs “Gael, KOI Boon Agubmanodeacs CacKanane: $27,458.18 


The following costs given per ton of capacity of silo, are 
taken from these tables: 


Average Cost of Silos 
Per Ton of Capacity 


Monolithic Block - 


TUS 5 noes Hodis deen on oc. qacId ODED Oo To 2.83 $2.44 
Maveaiitehe Yon onas cococ ne oinio OOUn.c ONICOnOr amon 2.31 yall 
WAR ehh Kaeo h rts Oo moon wooo OMmOGOe> 6 Cite 2.10 3.36 
VETTITIOS OLA biel aioretereieia rine clot thas se atele (e ohe).oilel ole falter 2.26 3.34 
Average cost of all silos, capacity 100 tons 

Covel KER S bo Bon oo diduic tin SO OE DOOD Genco. t 2.89 3.52 
Average cost of all silos, capacity 100 to 200 

TONSA err eran eo eiclnie etalek ators alssorels sfeles eiousporare 2.38 2.88 
Average cost of all silos, capacity more than 

QOOMTOMS a etore ce eietste ola) chalet! ore) sic silet ole el olouslelehe 2.18 
Average cost of all silos.........+--++++++> 2.30 Sell 

‘ Labor Required for Silos 


The following estimate of labor required to construct 
monolithic silos is based on experience in a large number 
of cases, the materials being mixed by hand. The labor 
here given is approximate, and does not include that required 
to haul materials: 

Silos 8 ft. diameter 10 to 14 days (4 hrs. per day) 4 men 


1okeeare een 10 fORAG * “4 men 
Perea merge 10 tore, secre Ato 5 men 
“c 20 “e cs 10 to 20 “ “ec “ce 6é 5 men 
“ 22 “ec oe 12 to 20 ae “cc sé “ce 5 men 
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TABLE XCVIII : 
Cost of Monolithic Silos 4 
' 
Silo |Dianseter| Height | Capacity | Entire Cost pee Location 
No. in ft. in ft. | in tons Cost capacity 
2 - Belvidere, llinois _ 
3.36 Carlton, oat 
3.81 Downer’s Grove, “ 
3.82 Downer’s Grove, “ 
1.95 Dundee, # 
2.56 Dundee, - 
415 Effingham, ‘a 
2.62 Elburn, = 
2.62 . Elburn, red 
2.41 Elburn, ue 
2.41 Elburn, “ 
3.05 Kaneville, “ 
2.98 Lake Forest, i 
2.08 Lake Forest, «, 
2-35 Marengo, 
2.09 Pingree Grove, “ 
2.70 St. Charles, 4 
3.40 St. Charles, by 
2.41 St. Charles, = 
2:72 St. Charles, = 
319 St. Jacob, “ 
2.41 Wheaton, ied 
97 Winslow, iss 
1.76 Coldwater, Michigan, 
1.76 — Coldwater, . ae ~ 
1.87 Eau Claire, Sa 
2.35 Eau Claire, by 
1.72 Eau Claire, * 
1.70 Eau Claire, py 
3.45'°  Grandvill ., Si 
2.06 Hudsonville “4 
3.00 Kalamazoo, gt 
3.72 Kalamazoo, ¥ 
143 ~~ Lansing, 
1.69 Lansing, 7 
2.41 Marquette, ates 
2.14 Parma, ba 
2.18 Parma, 
2.64 Parma, as 
2.75 Patma; : 
345 Parma, ‘ i 
1.72 Sodus, os 
1.67 Cedarburg, Wisconsin, 
1.67 edarburg, s 
416 Elkhorn, 
1.53 . Hudson, oe 
3.16 Tma, a 
1.48 Lake Geneva, @ 
2.48 Madison, % 
2.16 New Richmond, “ 
2.16 New Richmond, “ \ 
1.24 New Richmond, “ t 
2.13 Roberts, oo . 
95 Roberts, ee . 
1.50 Roberts, “ . 


SS 
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TABLE XCVIII—(Concluded) 


; ‘Diam- Height Capacity Cost per z 
No: in toot face es voost. ee ae pees 
pacity 


77 16 30 120 177 1.47. | Roberts, Wisconsin 
780) 216 38 167 195 aA: Roberts, id 


79 14 35 114 325 2.85 | Walworth, 2 
80 14 28 8 400 4.80 | Walworth, w 
81 60 40 2250 2500 1.11 | Waukesha, < 
85 14 29 87 115 1.32 | Jordan, Minnesota 
89 20 32 205 380 1.85 | Owattona, its 
90 14 28 83 214 2.58 |Rose Creek, vs 
93 16%4| 33 144 475 3.30 | Wheaton, cs 
94 20 40 282 500 1.77. |Centerville, Indiana 
95 16 38 167 500 2.99 |Fort Wayne, 
96 16 40 180 550 3.05 | Huntington, < 
97 14 30 91 340 3.74 | Qil City, w 
102 16 40 180 344 1.91 Roanoke, Missouri 
103 16 32 131 315 2.40 | Springfield, a 
104 12 30 67 250 3.72 |High Bridge, Kentucky 
105 18 38 211 204 97 | West Paint Lick, “ : 
106 12 24 49 145 2.96 |Fort Collins, Colorado 
107 12 24 49 165 3.36 | Fort Collins, os 
108 17 38 190 400 2.10 |Iowa City, Iowa 
110 18 40 228 600 2.64 'Warren, Pennsylvania 
TABLE XCIX 
Cost of Consrete Block Silos 
. iam- e . 3 ‘ S' e 2 
Ty or ep ae rg pet ee 
oO in feet feet - tons cost capacity : 
$ 2.70 | Kaneville, » Illinois 
2.18 |Kaneville, <2 
2.20 | Coloma, ‘Michigan 
2.06 | Lansing, “s 
1.92 | Lansing, a 
7 Sodus, bd 
4 Sodus, ¢ 
7 Zeeland, a 
2 Zeeland, e 
Zeeland, se 
Zeeland, . a 
East Troy, Wisconsin, 
East Troy, Ne 
Elkhorn, fe 
Elkhorn, oe 


Lake Geneva, 
New Richmond, 
New Richmond, 
Austin, -Minnesota 
Claremont sf 
Claremont, es 
Litchfield, q 
Northfield, ss 
Northfield, - 
Stillwater Jct, “ 
Delaware, Ohio 
Greenfield, I 
Lorain, 
Marysville, 
Butler, Pennsylvania 


“ 


WNOGMHNLEOWWWNOHUNANNKLANAN 
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TABLE C 
. Approximate Capacity of Round Silos, in Tons 


Diameter is shown at top of column, and depth at left 


INSIDE DIAMETER OF S11.0. IN FEET; AND CAPACITY, IN Tons” 
(2,000 lbs.) : 


10 ft.J11 ft.J12 ft.J13 ft.J14 ftJ15 ft./16 ft.J17 ft.]18 ft./19 ft./20 ft. 


Add 5 feet to height indicated, to allow for settling of silage. 


aero se ee ee 


oT Aer) ae 


as a S 


ae 
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925 earls $92 

s*0s OTP] O98] °°" S'S | $e 

08h $68) 27S | $084 oon b'bZ | b1S | 6ST 

FOP | SIF | PSE] O'S | 2°63 | B'S 8'8Z | 0°92] 6S | FOZ | TST | EST L°8h 

Tbr | OOF | 9°SE | LTS | 0°82 | 8°ES | BET L131] 9S | 1°33) SGT | SLL] LL | Sst | * 9 FL 

0's? | 0°88 | O'FS | 0°08 | FOS) FSS | SBT] SFT] TVs | 9S] SIZ) 9ST] POT | OPE] OTT] 26 oth 
S28 | L°82] bSZ | STS | OST] VHT || 9S | SSS | TOS | SLT | LST | Set TIL] 3°s ||} 9°29 
9°08 | 2°22 | 0°FZ | S'0S | O'LT | SET]| HSS] OTS] OGL | 8'9L |] SFT | SCT | SOL) £8 a 2°) 
0°62] 9°SZ | S'es | OT | T'9T 1 9°ST |] OSS | GET | GLI) 8ST] OFT | SIT) OOT) BL 0°09 
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The wire gauges indicated in Tables CIII and CrV are 
those of the American Steel & Wire Company. 
TABLE CVI 


Dimensions and Capacities of Silos 


ee 


a FEED For 180 Days FEED FOR 240 Days 
= tn iS Ltn 
a) Ee a 
Sm | 8° | SizE oF Si10 BES |} &° «| Size or Sito BES 
4 Pet ee fe >) ot B eS bl Phen ad ates re oe So oe 
BA | <onn <i28 || sax Sea 
@ Aso = i=) ape ca HS 
Be | B292 | DIAM lreicut Bact || o232 | DIAM eight] Za <4 
Bo | nods |ET Sono NSORS SUAS 
f ZO | Reno O<86 RENO Ose 
Tons | FEET | FEET | ACRES Tons | FEET | FEET | ACRES 
10, 36 10 25 2% 48 10 31 3g 
2 43 10 28 3 57 10 3 4 
1 54 11 29 4 72 ll 36 5 
20 72 12 32 5 96 12 39 634 
25 90 13 6 120 13 4 8 
30 108 14 34 1% 144 15 387 10 
35 126 15 34 a 168 16 38 u 


Masonry Construction 


STONE MASONRY 


Measurement of Masonry. There are no universally 
adopted rules for measuring stone masonry, and the custom 
in each locality must be ascertained before bidding upon or 
measuring up work of this kind. The most satisfactory man- 
ner of measuring stone is by the cubic yard. To find the 
number of cubic yards contained in a wall or pile of stone, 
measure the length, height, and thickness of the wall or pile, 
obtaining all three dimensions in feet and fractions of a foot. 
Multiply these three quantities together, and divide the pro- 
duct by 27, the number of cu. ft. contained in 1 cu. yd. Sup- 
pose, for example, the measurements to be: Length, 92. Th: 
height, 13 ft. 6 in. (18% ft.); thickness, 16 in. (1% ft). 
Then we have: 92X131%4X1144—27=61% cu. yds. 

The cord, or 128 cubic feet, is sometimes used, but has 
no advantage over the cubic yard as a unit of measurement. 

The perch, which is also used as a measure of stone or 
stonework, is often misleading, on account of the varying 
value of a perch in different localities. This value may 
range all the way from 16% to 25 cu. ft., depending upon 
the custom in the particular locality. 

It is easier to build a straight, plain wall than one con- 
taining corners or curves; and for this reason the number 
of cu. ft. in a wall is not an exact index of the worth of 
such work. One way of allowing for such extra work is to 
count the onenings for windows and doors as solid, thus add- 
ing to the actual number of cu. ft. in the wall. Another 
rule sometimes adopted is to take out the openings, and add 
1 cu. ft. for each linear foot of corners to be finished, in- 
cluding the vertical sides of windows and doors. 

For example, let Fig. 36 represent the plan and elevation 
of the front of a small building to be measured. According 
to the first rule, the volume is: 

(8+25) X12K11%4=—594 cu. ft. 

By the second rule, it is: 


594—(4+18+-48) X14%+12 X6+32—593 cu. ft. 
If the extras for the corners be counted 18 in. thick, the 
result will be 52 cu. ft. more, or 645 cu. ft. 

If the corners are in foundations under ground, they are 
ve left so rough that no allowance is made for building 

em. 
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Usually openings not wider than twice the thickness of 
the wall are measured as solid; and some allowance is agreed 
upon as extra to be added for building corners, curves, or 
other unusual work. 

It ig seen from the above example, that as much as ten 
per cent of the total volume may depend upon the method 
adopted in the measurement. Accordingly, care should be 
taken that all parties concerned are, from the first, acquainted 
with the practice to be adopted. 


Fig. 36. Measuring Masonry in a Small Building. 


Cost of Stone. The cost of stone is subject to so many 
changes and to so many local conditions, that nothing more 
than a very general statement can be made concerning it. 

A large part of the total cost of ‘stone as used in build- 
ing, is the expense incurred in cutting the stone. Within the 
past few years, the following prices for sawing stone have 
been quoted: Sandstone, 8 to 10 cents; limestone, 15 to 18 
cents; marble and granite, 95 to 35 cents—all per sq. ft. 
It costs nearly $5.00 to quarry a Cu. yd. of granite, split to 
three dimensions. If split in random sizes, the cost is 
perhaps $4.00. Granite broken out by very heavy blasts, 
to be afterwards used in this form or to be split into reg- 
ular shapes, is sometimes quarried as cheaply as 50 cents 
or less per cu. yd. Bedford limestone costs from $1.50 up 
per cu. ft., ready for the wall. 

The cost of rough stone for use in bridges and founda- 
tion work ranges from $2.75 to $3.00 per Cu. yd. Ashlar is 
about the same price; but coping stone varies from $3.00 
to $3.50 per cu. yd. Cut ashlar varies from $3.25 to $4.00, 
while cut coping is worth from $4.00 to $4.75 per cu. yd. 
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In the Eastern States a fair estimate for granite may 
be taken as follows: 

Blocks 3 ft. square and under, $1.50 per cu. ft. 

Over 3 ft. up to 8 ft. 6 in., $1.70. 

From 3 ft. 6 in: up to 4 ft., $1.90. 

Flagstones are estimated as costing between 20 and 70 
cents per sq. ft. of top surface. 

Rough backing stone for bridge and foundation work costs 
from $2.00 to $2.50 per cu. yd.; while cut backing for cut 
coping and ashlar work costs from $2.60 to $3.25 per cu. yd. 

Cost of Stonework. For rough work, such as foundations, 
common rubble stone is estimated at about 10 to 12 cents 
per cu. ft. out of the wall, and about 20 to 24 cents per cu. 
ft., including mortar and labor, laid in the wall. The lower 


TABLE CVII 
Cost of Various Kinds of Stonework 
Random rubble, per cu. ft....... ee Shee -.30 to 36¢ 
Coursed: rubble, per cu. ft...........00+2+2--56 to 60¢ 
Coursed rock face, per sq. ft. of face............... 75¢ 
Cost of setting ashlar, per sq. ft. of face............ 20¢ 
Jamb stone and faced openings, per sq. ft........... 75¢ 
Backing, ‘perscu; fta5 os ccunienss = <5 >see eee GUAR IOE 
Curbing (4”x24” granite), per linear foot.......... 50¢ 


Flagstone, 
2.in’x O Thee > Piper ea. It: un See een aa 
3"in. x 3 it. x sb Lh per BG. tte. ears eeu eee 
4in. x 5 ft..x 5 ft. per sa: ttisa Scr Ce Ce eee 
5 in, x 8 ft. x 10 Ths oer eG: Tt, j.cyc eee sweet OG 


Door sills, 8 in. x.12 in., clean cut, per linear foot. . $1.40 
Window sills, 4in.x 8 in., clean cut, per linear foot. 55c 
Window sills, 5 in. x ‘8 in., clean cut, per linear foot. 75¢ 
Window sills, 5 in. x 12 in., clean cut, per linear foot. 90¢ 
Water-table, 8 in. x 12 in., per linear foot..........$1.45 
Coping, 3 in. x 18 in., rock face, per linear foot..... 40¢ 
Coping, 4 in. x 21 in., rock face, per linear foot..... 60¢. 
Coping, 4 in. x 21 in,, clean cut, per linear foot.....$1.30 
Lintels, 4 in. x 10 in., clean cut, per linear foot...... 75¢ 
Lintels, 8 in. x 12 in., per linear fo0t.......eeeeeee S120, 
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price applies to walls 18 in. and over in thickness; while 
the higher price is for 12 to 16-in. walls. Double-faced walls 
may even run as high as 36 cents per cu. ft. 

The above prices are only for rough work. - Work laid 
in courses and nicely faced will cost more, but varies in 
price with the locality. 

One man with a helper will lay from 90 to 150 cu. ft. of 
stone in a ten-hour working day, depending on the class of 
work. 

As a guide to the probable cost of different types of 
stonework in place, Table CVII may be used with a fair 
degree of correctness. 

For bluestone door-sills, 8x12 in., clean cut, allow $1.25 
per linear foot. For window-sills 5x12 in., clean cut, allow 
85 cents per linear foot; while 4x8 and 5x8 cost about 50 
and 70 cents per linear foot respectively. 

Clean cut bluestone lintels cost about 65 cents per linear 
foot for the 4x10-in. size; while the 8x12-in. size costs about 
$1.20 per linear foot. 

Water-table, clean cut, is estimated at about $1.30 per 
linear foot. 

The prices for bluestone coping are about as follows: 

4x21-in., clean cut, $1.20 per linear foot. 

4x21-in., rock-face edges and top, 50 cents per linear foot. 

3x15-in., rock-face edges and top, 30 cents per linear foot. 

3x18-in., rock-face edges and top, 35 cents per linear foot. 

These prices are for cut bluestone only, but may be used 
as an approximate basis for comparison of the costs of other 
stone. This comparison will have to be left to the judgment 
and experience of the contractor, as it involves quantities 
which vary not only with each piece of work but with the 
locality. 

The cost of setting the stonework used must be added to 
the above prices, and may be fairly estimated as 10 cents 
per linear foot for water-tables and ground work such as 
steps, and at about 6 cents per linear foot for window-sills 
and work of a similar nature. ' 

In speaking of the work of stonecutters, the Building 
Trades Pocket-Book states that a stonecutter can cut about 
6 sq. ft. of granite per day, 8 sq. ft. of bluestone, and about 
10 sq. ft. of Ohio sandstone or Indiana limestone. These fig- 
ures are for 8-cut patent-hammered work. 

For rock-face ashlar, beds worked 3 in. from face, a 
workman can dress from 25 to 28 sd. ft. of random ashlar 
per day, and from 18 to 20 sq. ft. of coursed ashlar. 
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In figuring cut stone, allow about 25 per cént for waste. 


The cost of dressing limestone, with a bush hammer or 
tooth chisel, is about 25 cents per sq. ft. of dressed surface. 


The cost of fine-pointing the beds and the joints of sand- 
stone is about 13 cents per sq. ft., where 4-in. joints are to 
be laid. In one instance the cost of cutting sandstone toe 
1%-in. joints for work on bridge piers, was $2.65 per cu. yd. 


The cost of cutting granite for beds and joints is stated 
to be about 33 cents per sq. ft. of surface; pean-hammered, 
50 cents per sq. ft.; plain face, from 65 cents to $1.10, ue. 
pending upon whether 6-cut or 12-cut. 


For setting coursed ashlar, allow from 35 to 50 sq. ft. per 
day for a mason and helper. 


One man will cut from 1 to 2 sq. ft. per day on cornice 
work, measuring length and girth. 


An average workman will carve about 1 sq. ft. of sur. 
face per day on average work, after the stone has been 
surfaced. 


On cobblestone work with recessed joints and two fin- 
ished surfaces, one mason and helper will lay about % cu. 
yd. in one day. 


On work above reach, one man should be allowed for 
each eight workmen for putting up scaffolding. 


Mortar for Masonry. Table CVIII indicates the amount of 
cement mortar required for laying one cu. yd. of masonry of 
various kinds. 


The manner of using Tables CVIII and CIX is shown in 
the following problem: How many barrels of Portland ce- 
ment and cu. yds. of sand will be required for laying 100 cu. 
yds. of rubble masonry in 1:3 cement mortar? 


From Table CVIII it is seen that the minimum amount of 
mortar needed per cu. yd. of masonry is .383 cu. yd. In 
Table CIX it is seen that 1 cu. yd. of 1:3 cement mortar 
requires 2 bbls. of cement and .9 cu. yd. of sand. There- 
fore, .83 cu. yd. of mortar would require about % of a barrel 
of cement and .8 cu. yd. of sand. Multiplying these quan- 
tities by 100, since there are 100 cu. yds. of masonry to be 
laid, the result is 67 bbls. of cement and 33 cu. yds. of sand. 


Amount of Water. Allow 50 to 60 gallons of water per 
cu. yd. of stonework. 
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TABLE CVIII 


Amount of Mortar Required for a Cubic Yard of Masonry 


Mortar, Cu. Yo. 
Kinp oF Masonry 


| Minimum | Maximum 


Ashlar, 12 in. courses, Min. joints. . Oho EW .06 .08 
Ashlar, 18 in. courses, 14 in. joints. . .03 04 
Ashlar, 12-to 20 in. courses, 3% to Vin. joints. . 07 .08 
Ashlar, 20 to 32 in. courses, 14 to 34 in. joints. . .05 06 
Brickwork (bricks of standard size, 8Ujx4x2l{ 

in)25¢ ins joints. 3 ac eee tee ee 10 Bley 

4 to 3 in. joints. . EL Re a5) 85 

1% to 5% in. joints. . 385 40 
Concrete, clean stone, Without ‘gravel | or 

screenings...... Fea Oe 50 .59 
Rubble, course, not ‘dressed Co sy pes tal .00 40 
Rubble, roughly dressed. . 25 30 
Squared-stone masonry, 12 3 in. courses and 

C7 ins JOIMtses scle ookay .20 25 
Squared-stone masonry, 18 in. courses ‘and 

B47 AN TOMES. tetas} oe ete ees areas he etek 12 15 

TABLE CIX 


Quantities of Materials per Cubic Yard of Cement Mortar 


PROPORTIONS MATERIALS 

Barrels Cement Sand, 
Cement Sand Portland (Packed) Cubic 
; Western Yard 

1 0 TEM 6.4 0 

1 1 4.2 3.0 6 

1 2 2.8 2.6 8 

1 3 AO) ieee) 9 

1 4 ikeel 1.5 95 

1 5 ile 1:1 .97 

1 6 172 1.0 .98 
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TABLE CX 
Safe Bearing Loads on Masonry 


SS 


Pounds per 


MatTERIAL Square Inch 
of Area 

55h ( Cap StOne Mel n w. sca 3 Steele Aeros aes sen oe 700 
Granite {5 uared SbOnGWOLK. sem Heels E ee eee ere 350 
Cap stoneseid sn cm aeesbocct bard: bh eaalote ae 

Squared stoneworkee\s en aar ease es ee 17 
Sandstone Rubble stonework, lime mortar. ............ 80 
Rubble stonework, cement mortar........... 150 
Cap'stone.;.\--...-osenae hee fesse ne eioae 500 
A Squared stonework... jc. citsee- «see bets ee 250 
Limeston Rubble stonework, lime mortar 80 


BRICK CONSTRUCTION 
Classification of Brick 

Bricks are classified (1) according to the manner of mold- 
ing; (2) according to the place they occupy in the kiln dur- 
ing burning; and (3) according to their shape or the use 
to which they are to be put. 

(1) When distinguished according to the manner of 
molding, bricks are named: 

Soft-mud brick, made of very wet mud; 

Stiff-mud brick, made of mud with less water; 

Dry-pressed brick, made of clay containing 4 to 6 per cent. 
of moisture; 

Re-pressed brick, made by re-forming partially dried brick 
made of soft mud, or brick made of stiff mud; mostly applied 
to the stiff-mud product. 

(2) In the old-style kilns the bricks were not all burned 
alike. Those adjacent to the fire were over-done; those 
farthest away from the fire were under-done; and only the 
intermediate portion were satisfactory. This condition led 
to the adoption of the names: 

Arch-brick, or those forming the top of the firing-place of 
the kiln. 

Soft or salmon brick, or those named from the lack of 
color or hardness. 

Body brick, or those taken from the middle of the kiln. 

Mercantile brick are brick well burned, but not graded 
as to color or degree of hardness. 

Hard kiln-run brick are meant to be all suitable for out- 
Side work. 
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In the kilns of modern design, the heat is well distributed 
throughout the whole mass, and the above terms are not now 
so appropriate as formerly. 

(3) The form and the use for which the brick are in- 
tended, make the following terms suitable: 


Face brick, or those of best appearance as to uniformity 
of color and dimension, and thus suitable for outside walls. 
The term is especially used to designate pressed or re- 
pressed brick. 

Ornamental brick are nearly always made by the dry- 
press process; and this is the name given to all brick differ- 
ing from the standard shape.~ 

Compass brick, or those having one edge shorter than 
the other. They are used in building curves on which the 
length of the brick is a part of the circumference. 

Feather-edge brick, or Voussoir brick, those similar to 
compass brick, but having one edge thinner than the other. 
They, also, are used in building arches. 

Paving brick, or vitrified blocks, usually larger than ordi- 
nary bricks, used in paving streets. 

Sidewalk brick are extra hard-burned brick from good 
clay, or small paving brick. 

Sewer brick, or common brick of better grades, so reg- 
ular in form as to be suitable for building sewers. They 
must also be low in absorption. 


TABLE CxXl 


‘Thickness of Brick Walls, Chicago Building Ordinance, for 
Residences, Tenements, Hotels, and Office Buildings 


(Thickness given in inches) 


Al 


STORIES 


NUMBER OF STORIES 


BASEMENT 


Basement and’ One-Story......+0++| 12] 8 
Two-Story.+..-se0++| 12] 12) 8 

re i Three-Story ».+-++++ 16} 12] 12] 8 
Ky. ** Four-Story ..+++..- 
as * Bive-Story....: 
oe a ae es ner 
a ** Seven-Story.. : ; 
ks * Bight-Story......--| 24 24) 24) 20] 20) 16) 16) 12) 12 
a ss Nine-Story. «++++++ 28| 24| 24] 20} 20) 20) 16] 16) 12) 12 
oe * Ten-Story...so.se..| 28] 24 24] 24] 20} 20] 20) 16] 16) 12) 12 
¥ s* Eleven-Story.... ""*"} 28} 28] 241 24] 24] 20] 20) 20) 16| 16} 12 12 
Me & Twelve-Story.... """ 1 32] 28] 28] 24) 24) 24) 20) 20 20} 16) 16) 12) 12 


872 RADFORD’S ESTIMATING AND CONTRACTING 


Brick Building Construction 


Table CXI indicates the required thickness of brick walls 
in the different stories of residences, tenements, hoteis, and 
office buildings, according to the Building Ordinances of the 
City of Chicago, II. 


Table CXIII gives a summary of requirements of the 
Building Ordinances of various cities in the United States, 
as to the thickness of brick walls for mercantile buildings 
and public stables, and (except in Chicago) for all buildings 
over five stories in height. 


Table CXII may be taken as a guide to the proper thick- 
ness, at the different stories, for residence walls of varying 
height and length. 

TABLE CxXIil 


Number of Stories of Different Thicknesses in Residence 
Walls of Various Heights and Lengths 


| HErear LENGTH NUMBER OF STORIES OF DIFFERENT THICKNESS 
OF OF ; 
WaLL WALL 
Feet Feet 
(BAS iiss 3 
USS espe Wtbosorac 2 
UOver 80 2 
ye Cegatiocte 2 
PO Se Sb O0d Ik Masemndaeo omg bssaoe 2 
Over 70...... 2 
; CRABS. 2 
1 OOsres access] \ Olrceeces 2 
Over 60 2 
: G0 vereesicte 2 
VO.lcceoees|% DOscesaus 2 
Over 55 1 
BOM Matec valsecasne (rostcee ceeteee 1 Sache aan 
OOicscccses| {Olsens Spates] ene Ow eew weiss: 
' Over 50 1 2 3 Dadtacieetencuiees 
BOceeces ABET) a eel Rees ae Rica iel eistalan eis Below top | Top story 
B0.ke ss 45 1 story A 
Over 45 1 1 Remainder |........ saceae 
40 : Boe iesewealew case titnientel us AG Adee ain ee Upper 
AO. Seeeeee Wo Stories} _ stories 
Over 85.... Rees 1 Below top }| Top story 
story 
Pr Bouse cmecnes . BA SoS Coons Soancace ih Nee Vouee 
; 80. eeeeese wostories} stories 
Over 35 sevcceclereeeee| Below top | Top story 
_ : story An 
85, wecesee]§ OVEr 80.0... c[ecceseefsccoceeleceesee[sceccee}] Below top | Top storz 


*See statement on page 375 as to the method of con- 
sidering thickness of building walls. 


pn eee 


TABLE CXIll 


Thickness of Brick Walls for Mercantile Buildings and Public 
Stables, and, except in Chicago, for All Buildings 
over Five Stories in Height 
(Thickness given in inches) 
| Ee 


s B STORIES 
EIGHT OF BUILDING ele Sloe Inn nn Coe Lee 
Ist | 2d | 3d | 4th | Sth | 6th | 7th | 8th , 
Two STORIES 
ton ereee eeeeeeereeeoee 
New York pooecece 
Chicago........ orecoce 
tay on Si BS scccccccce Deen s 
St. L sige Mantes 2 dg we 
Denver .......- pubeceenrcoese 
San Francisco..... Seseeseve 
New Orleans.........++ weuse 
THREE STORIES 
Boston .... pekiee 
New York. vanes 


CAZ0... Seews 
inneapolis...... seiseees 
St. Louis. ...020+..sceeee toes 
DeONVEr .ccccescocccccccccsees 
San Francisco..........es 
New Orleans... eee svoeedeoee 
Four STORIES 
TON cw ccccccccccceveccnces 
ace. Yor rrr 
C&Z0.. APaae 
Minneapoli evoos 
Louts.....00- circe 
DONVEL. 0.65 b0scccccceceocsve . 
San Francisco........+ Sabor 
New Orleans.....-03..--+008 
FIVE STORIES 
fil Seid eneaevecscescstner 
New York........... HeBROELS 


nee etee se eecense 


ton . 

New York...cc.cccceeeec eens 

CBICSBO Sccicee ne -cleve wecaese' 

Minneapolis ........+++--+-+ 

St. LOvIS:......ccccecserseee 

Denver. .........0000- See eiaiee 
_. New Orleans......0+.-..+++- 
ExcuT STORIES 


Boston ...+00.+- 
New York. 
Chicago... 
Minnea 
St. Louis........cccscesceere 

NIVEL s...e000 Sead ceuiscieso ee 

ow OrleanS.......sesseroee 
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: STORIES 
HEIGHT OO eFEee 
OF BUILDING § =| 45+] 2a{ sa| 4th | 5th| 6th| 7th| 8th| 9th | 10th] 11th] 12th 


NINE STORIES © 


Oston .... 
New York. 32 | 32 | 28 | 24 | 24 | 20 16 | 16 
Chicago... 24 | 24| 24] 20 | 20 | 20 | 16 | 16 | 16 
Minneapolis -| 24 | 24} 20] 20 | 20 {16 | 16 | 16 | 12 
St. Louis........} 80 | 30 | 26) 26 | 22 | 22 {18 | 18 | 13 
te — CABNSODA 30 | 26 | 26) 21 | 21 | 21 {17 [17 | 17 
N_ STORIES 
Boston...........] 28 |-28 | 24 | 24 | 20 | 20 | 20 | 20 | 20 | 16 


‘New York........| 36 | 32] 32 | 28 | 24 | 24 | 20 | 20 | 16 | 16 
Chicngascnccies 28 | 28 | 24] 24 {| 24 | 20 | 20 | 20 | 16 | 16 
a. «| 24 2 

" Denver 01: 30 | 30 | 26 | 26 | 21 | 21 | 21 |a7 | a7 | 47 
VEN s 

“Boston screenees 36 | 32 | 32 | 28 | 28 | 24 |} 20 | 20 | 20 | 20 | 16 
New York........| 36 | 36 | 82 | 28 | 28 | 24 | 24 | 20 | 20 | 16 | 16 
Chicago......se..| 28 | 28 | 24] 24 | 24 | 20 | 20 | 20 | 16 | 16 | 16 
St. Li ouis.. ceeeeee] 34.|-34 | 30] 30 | 26 | 26 | 22 | 22 118 | 18 | 18 
Denver...........| 30 | 30 | 26 | 26 | 26 | 21 j 24 | 21 [17 | 17 [17 


TWELVE SroniEs 
Boston .........-| 86 | 86 | 32 | 82 | 28 | 28 | 24 | 20 | 20 | 20 | 20 | 16 
New York,;......| 40 | 36 | 86 | 82 | 32 | 28 | 24 | 24 | 20 | 20 | 16 | 16 
hicago.........- 28 | 28] 28} 24 | 24 | 24 | 20 | 20 | 20 |} 18 | 16 | 16 
St. meee seceeee| 34 | 34] 34] 30 | 80 | 26. | 26 | 22 | 22 118 | 18 | 28 
Denver.. .| 30 | 30 | 30 | 26 | 26 | 26 | 22 | 22 | 29 417 127 | 27 


Sizes and Weights of Building Bricks. On account of the 
variation in different localities, there is no standard size of 
brick. In the New England States, the size of a brick is 
about 73% by 8% by 2% in., while in the Western States 
the common size is about 8% by 4% by 2 in. The west- 
ern brick give wall thicknesses of about 9, 18, 18, and 22 in. 
for thicknesses of 1, 1%, 2, and 2%-in. bricks. A hard-burned 
‘ brick, or one which was located near the arch of the kiln 
in which the bricks. were burned, will generally be from % 
to 3/16 in. smaller than one of the softer (or salmon) bricks 
of the outer layers in the kiln. 

Pressed bricks, or bricks which are intended for use in 
face work of buildings or in prominent places, are generally 
more uniform in size, the most common size being 8% by 
41% by 2% in. A form of pressed brick called a Roman brick 
is 12 by 4 by 1% in. 

The sizes adopted by the National Brickmakers’ Associa- 
tion in 1899 were as follows: 


Common, brick (3. i ss.caacs 5 aaicek basse Re eee ene oy kee ame caTes 


Hace bricks acess Tieleis « cieiee view /eeleleleeaic ee tech O sk me oOG EIT: 
Ravine {bricks se scsi semen Se cevecsccoscess OexXt X216 in: 
Romans brickwaecns dacus ata ieie. ers Sevele s: wehere oieteieledl CINK an eR ee LTD 


Fire-clay .Drick \.Wis seh ciNweldasa ties 6 eats eee BONES Rone 2 oe ane 
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The sizes of enameled brick vary from the English size of 
9x414x3 in. to the size of the standard American brick. 

All bricks should be sorted into different thicknesses for 
first-class work. 

The weight of brick varies with the make and size. A 
common brick will weigh from 4 to 4% pounds, while pressed 
brick weigh from 5 to 5% pounds. Paving bricks weigh from 
6 to 7 pounds each; and fire-clay bricks, about 7 pounds 
each. 

The weight of brickwork per cu. ft. varies both with the 
quality of brick and with the thickness of mortar joints. A 
fair average value for common bricks laid in lime mortar 
is about 120 pounds per cu. ft. When laid in cement mortar, 
1 cu. ft. of common brickwork weighs about 130 pounds. 
Paving brick weigh. about 160 pounds per cu. ft. 

Some authorities consider that 112 pounds per cu. ft. is 
plenty to allow for the weight of brickwork; and it is often 
stated upon that basis, that the weights of brickwork per sq. 
ft. of wall surface for different thicknesses of wall are as 
given on page 403. The terms “9-inch wall,’ ‘13-inch wall,” 
etc., may be used in some localities as 8-inch wall, 12-inch 
wall, etc., figuring the wall thickness as if made up of whole 
bricks and half-bricks. 


Safe Bearing Loads on Brickwork 


In laying brickwork, the lower bricks are subjected to the 
weight of all brickwork above the lower courses, together 
with weights of roof, floors, etc., and should be figured to 
see if their strength is sufficient to carry these pressures. 
Common brick in lime mortar will hold about 100 Ibs. per 
sq. in.; when laid in cement mortar, about 200 lbs. per sq. 
in. Hard-burnt and paving bricks laid in cement mortar will 
hold about 200 to 250 lbs. per sq. in. 

Strength of Brick Piers. The results shown in Table CXIV 
indicate that both the strength of the individual bricks and 
that of the mortar are factors in the strength of columns. 
As it is the weakest part that fails, it is evident economy 
to have the strength of the various parts nearly the same. 


Labor in Laying Brickwork 
Since the price of labor and the length of working day 
vary so greatly in different parts of the country, no attempt 
will be made to give absolute prices for labor in laying 
_ prickwork. Instead of actual figures, there will be given the 
number of bricks that an average workman should be able 
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TABLE CXIV 


Summary of Tests of Brick Columns 
(Average values) 


RATIO OF | CRUSHING RATIO OF 

: pelea ere Peper SR ae = Sreetere 
CHARACTERISTICS OF NIT-LOAD|OF COLUMN] 6-IN. 

CoLUMNS (LBS. PER TO CUBES COLUMN TO 

So. In.) [STRENGTH] (LBS.PER |STRENGTH 

OF BRIOK Se. INn.); OF CUBES 


SHALE BUILDING BRICK 


B | Welllaid, 1:8 Portland 
cement mortar 6 months 


G | Well laid, 1:3 Portland 
cement mortar eccentri- 
cally loaded, 68 days,.... 


Well laid, 1:3 :Natural 
cement mortar, 67 days.. 


G {| Well laid, 1:2 Lime 
mortar, 66 days.......... 


UNBURNED CLAY BRICK 


— 


Well laid, 1:3 Portland 
cement mortar, 63 days.. 


1,060 “2,870 | 87 


SL 


*Average value based on 13 tests of 1:3 Portland cement 
mortar cubes 60 days old. 


to lay in a given length of time on a stated class of work. 
Knowing local rates of wages and hours in a working day, 
the contractor should be able to judge with a fair degree 
of correctness as to the probable cost of the work in hand. 

In wall construction, there are generally allowed from 1 
to 1% laborers for each brick mason. These men provide 
the mason with all necessary material, and leave it in a 
place convenient for use. The wages of these laboring men, 
added to the wages of the brick masons, and divided by the 
number of thousand brick laid in the wall in a day, would 
give the cost of laying per thousand. 

The following list of different types of work, indicating 
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the actual number of bricks that can fairly be expected to 
be laid per day by the average workman, will be of. service 
in estimating. An average man will lay: 
1,200 bricks in plain wall in 8-hour day. 
2,000 bricks in heavy work in 8-hour day. 
1,800 bricks in arches in 9-hour day. 
3,500 bricks in sewers in 8-hour day. 
7,000 bricks in pavements in 10-hour day. 
600 bricks in small chimneys in 9-hour day. 
450 bricks in pressed work in 8-hour day. 
400 bricks in veneer work in 8-hour day. 


One man will mix mortar by hand for five bricklayers. 

In brick veneer work, one man and helper will lay about 
600 common brick per day, or from 300 to 400 pressed 
brick. In the case of molded or fancy brickwork, one man 
and his helper will lay from 100 to 200 bricks per day, de- 
pending on the design of the work. 

In fireplace work, one mason and his helper will lay up 
about 2 ft. per day in case of average-size fireplace built of 
plain pressed brick. This time includes placing of firebrick 
backing. An average hearth will take about % day, while 
a tile hearth requires about 114 days. Double time is needed 
in case of a fancy brick fireplace. 


Cost of Brickwork 


Although attention has been called to the fact that the 
eost of bricks and brickwork will vary in different locali- 
ties, the following prices may be used for rough estimates: 

Brick, common, $6.00 to $10.00 per cu. yd. Cost of lime 
mortar per cu. yd. of brickwork, about 60 cents; of cement 
mortar, $1.00 to $2.00. 

On the basis of $7.25 per thousand for red brick, $2.50 
per barrel for cement, $1.25 per barrel for lime, $1.25 per 
cubic yard for sand, assuming a mason at 65 cents per hour, 
with help at 37% cents per hour, to lay 1,200 bricks in 8 
hours, a brick wall 13 in. thick will cost about 40 cents per 
superficial foot. With pressed brick face, the cost will be 
about 50 cents per superficial foot. 

For close figuring, the methods given below in detail 
should be followed: 


Measurement of Brickwork 


It is customary to estimate brickwork by the thousand 
brick contained in the wall. As many parts are not open 
to inspection, it is clearly not possible to determine the 
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number by actual count, and recourse must be had to meas- 
urement. 

The methods of measuring brickwork in walls and in 
construction work vary with different contractors and in 
different parts of the country. Many use a rough rule of 
measuring around the walls, multiplying this measurement 
by the height, and then multiplying by the number of bricks 
contained in a square foot of wall of the thickness to be 
used. They make no allowance for windows, doors, or open- 
ings of any kind, of an area less than about 80 sa. ft., since 
they claim that the labor necessary around such openings 
will offset the saving in the bricks that are not used. 

As a means of compensating for this seemingly large esti- 
mate on the amount of brickwork, some contractors do not 
allow extras for arches, pilasters, etc. 

If deductions are made for openings larger than 80 square 
feet, contractors using the above method generally measure 
the width as 2 ft. less than the actual width. A rule among 
some contractors is to figure all walls as solid, and then 
make an allowance for mortar. 

Another method in common use—and one which seems 
to be a little more rational and conservative, while not 
claiming to be exact—is to measure the actual wall surface, 
deducting all openings over 2 feet square, measuring the 
corners only once for brick walls, and then multiplying by 
7% for a 4-in. wall; by 15 for an 8 or 9-in. wall; by 22% 
for a 12 or 138-in. wall; by 30 for a 16 or 18-in. wall; by 38 
for a 20-in. wall; and by 45 for a 24-in. wall. The results 
of such a procedure will give the approximate number of 
“eastern” brick in the wall. Deduct about 1/5 the number 
if “western” brick are used. Table CXV may be used to ad- 
vantage in figuring by this method. 

In the Western States the terms wall measure and kiln 
count are often heard. “Wall measure” is simply a common 
trade rule and is not exact. Amounts of brickwork are 
calculated by the arbitrary rule of 22% bricks per sq. ft. of 
wall surface for a 12-in. wall just referred to and as shown 
in Table CXV. This method is often insisted upon by work- 
men as the basis for computing labor in laying brickwork. 
Contractors often use this method of estimating number of 
bricks in figuring cost of brickwork, and then do not figure 
for cost of mortar; allowing the extra number of bricks 
figured over the number actually needed for the wall, to 
take the place of the cost of the mortar and possibly a 
part of the labor. If bricks were ordered by this rule, 
there would be a greater number than needed for the work. 
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TABLE CXV : 
Number of Common Bricks Required for Walls of Different Thicknesses 


Surface Area Number of Bricks Needed for Thicliness-of 
of Wall 


| 
(Square Feet)| 4 Inches | 8 Inches |12 Inches|16 Inches |20 Tadhostad Inches 


1 7 15 23 30 38 45 

2 15 30 45 60 75 90 

3 23 45 68 90 113 135 

4 30 60 90 120 150 180 

5 38 75 113 150 188 225 

6 45 90 135 180 225 270 

7 53 105 158 210 263 315 

8 60 120 180 240 300 360 

9 68 135 203 270 338 405 
10 75 150 225 300 375 450 
20 150 300 450 600 750 900 
30 225 450 675 900 1,125 1,350 
40 300 600 900 1,200 1,500 1,800 
50 375 750 1,125 1,500 1,875 2,250 
60 450 900 1,350 1,800 2,250 2,700 
70 525 1,050 1,575 2,100 2,625 3,150 
80 600 1,200 1,800 2,400 3,000 3,600 
90 675 1,350 2,025 2,700 3,375 4,050 
100 750 1,500 2,250 3,000 3,750 4,500 
200 1,500 3,000 4,500 6,000 7,500 9,000 
300 2,250 4,500 6,750 9,000 11,250 13,500 
400 3,500 6,000 9,000 12,000 15,000 18,000 
500 3,750 7,500 11,250 15,000 18,750 22,500 
600 4,590 9,000 13,500 18,000 22,500 27,000 
700 5,250 10,500 15,750 21,000 26,250 31,500 
800 6,000 12,000 18,000 24,000 30,000 36,000 
900 6,750 13,500 20,250 27,000 33,750 40.500 
1,000 7,500 15,000 22,500 30,000 37,500 45,000 


“Kiln count” means the actual number of bricks needed 
for the work, or the number to be purchased. If kiln 
count is used, mortar will have to be figured separately, as 
no allowance is made. The size of brick should always be 
specified in figuring. For standard bricks, 8%4x4x2%4 in., 
17 is the number usually estimated as occupying 1 sq. ft. 
of 12-in. wall when joints are thick, that is, between % and 
¥-in., or 18 when %-in. joints are used. . 

Sometimes the actual wall contents are measured in cubic 
yards of volume, and the following plan used. For common 
prick 814x4x2% in. in size, allow 500 bricks to a cu. yd. of wall 
when %-in. mortar joints are used. In work where thin joints 
are used—as, for example, in fronts, where a %-in. joint may 
be used—it is better to figure on ‘about 580 bricks for a 


cu. yd. of wall. 
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When asking for bids on work, it is well to specify just 
how the measurement of the quantity shall be made; and 
the following rule is often recommended as fair and tending 
to prevent controversy: 


Divide the total number of superficial feet of wall surface 
of a given thickness by 160, and multiply the result by the 
number of brick widths the wall is thick. The result will be 
the number of thousand of brick contained. 


This rule is based on the fact that a 4in. wall contains 
about 1,000 brick to 160 superficial feet, if the joints pe 44 :n. 
thick. 

For example, a 12-in. wall 40 ft. long and 20 ft. high would 
contain (4020-160) X3=15 thousand bricks. 

While the above rule gives the number of brick to be 
purchased for the wall, another arbitrary rule for the pay- 
ment of the masons is sometimes adopted: 


Count 7!% bricks for each superficial foot of wall for each 
half-brick (half-length of brick) thickness of wall. 


In the same example as above, this would give 
40X20X71%4X3=18 thousand bricks as a basis of payment for 
the labor. 

The allowance for openings is not a uniform practice, but 
may be fairly well established by custom in any given city. 
These customs must be consulted in letting or computing 
such work. 

Hollow walls are generally figured as solid. 

Arches are figured from the spring; and pillars or col- 
umns may be figured as a wall of length equal to the width 
and height of the pillar, and of thickness equal to the third 
dimension of same. 

When stonework, such as sills, caps, ete., is set by the 
brickmason, no deduction is made for same in figuring brick- 
work for walls. The same conditions apply to ashlar work 
when placed by the bricklayers. 

An allowance of 5 or 6 per cent should be made on all 
figured amounts of brickwork to make up for loss and 
breakage. A common rule in fancy bricklaying is to add 50 
per cent to the figured number of bricks, or allow 1% bricks 
for each one actually estimated. 

A method of measuring footings together with walls, is to 
add the width of the projections of the footing on each side 
of the wall to the height of the wall, and figure as indicated 
_ above for an ordinary wall. 
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TABLE CXVI 
Number of Bricks Required in Brick Piers 


(Standard Size of Brick, 8%xX4xX2% Inches) 


Number Number Number 
Size of of Bricks Size of of Bricks Size of of Bricks 
Pier per Foot Pier per Foot Pier per Foot 
(Inches) | of Height |} (Inches) | of Height |} (Inches) | of Height 
84x 8% 9 22 x22 238 
8144x138 14 22 x26% 200 
8144x17% 19 22 x3804% 224 
814x22 23 DPA SBS 244 
22 x39 268 
UB). $723 22 290 
13 x17% 29 2614x261% 
ise} 37 2614x301 250 
13 x26 45 2614x35 270 
2614x394 296 
1744x17% 40 26146x44 320 
1714x22 50 345 
1714x26% 60 3014x3014 
1744x3014 69 3014x35 296 
1714x35 79 3014x394 324 
3014x44 350 
3014x48 376 
35 «x35 400 
35 ©6x3914 
35 «x44 


If using western brick, size, 814x4%%x2% in., deduct 1/5 
from the number of brick indicated in Table CXVI. 


7 
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In figuring the number of bricks needed for piers of con- 
siderable size, and where the bulk of the mortar used in the 
joints will prove a considerable factor, it would be safer 
to figure the cubic contents of the pier in cu. ft., and divide 
by 27 to reduce to cu. yds. Then apply the rule of 500 bricks 
to a cu. yd. as already given. 

Measurement of Old Brick. Old brick, uncleaned and 
rough from the building and dumped in a pile, will average 
about 9 bricks to the cu. ft., or about 111 cu. ft. to the 
thousand brick. If stacked on the outside, and the interior 
of the stack filled promiscuously, they will average about 
11 bricks to the cu. ft., or about 91 cu. ft. to the thousand 
brick. 

If cleaned and closely stacked, an average will be about 
17 bricks to the cu. ft., or about 59 cu. ft. to the thousand 
prick. If the bricks are cleaned and stacked on the out- 
side, but the interior of the pile filled promiscuously, an 
average will be about 13 bricks to the cu. ft., or akhout 77 
cu. ft. to the thousand bricks. 

Mortar for Brickwork 

Afterethe number of bricks which are to be laid is esti- 
mated, the amount of materials needed for mortar may be 
found from Table CXVII and from the statements given 
below. The amount of sand, lime, or cement depends on the 
richness of the mortar and the thickness of the joints. 

Table CXVII gives the necessary amount of sand and 
cement to lay 1,000 bricks with joints about % inch thick. 


TABLE CXVII 
Mixing Table for Mortar for Laying 1,000 Bricks 


LIME CEMENT SAND 
MoRTAR BARRELS BARRELS | CUBIC YARDS 


Portland homens: anescneeseere 
Li 


MC ceseee sO eee ee eeneercsesoes 


Sores receeerces teeccrecccscee Oe oes ° : 0.5 


Stated otherwise, a cu. yd. of brick masonry with 1-in. 
joints requires rather more than 14 cu. yd. of mortar. If 


Ss iP ee 
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the joints are 4% in. thick, % cu. yd. of mortar will be 
sufficient to lay a cu. yd. of brickwork. When joints are only 
1% in. thick, 4% cu. yd. of mortar will be required to a cu. yd. 
of brickwork. 

A barrel of lime will make 214 barrels (or .8 cu. yd.) of 
lime paste. A barrel of this paste, with 3 barrels of sand, 
will make 3 barrels of lime mortar. A barrel of unslaked 
lime is sufficient for 6% barrels of 1:3 mortar. 

If laid in 1:2 cement mortar with %-in. joints, 1,000 brick 
will require about 114 barrels of cement and 2% barrels of 
sand. With %4-in. joints, 1,000 brick will require about 1 
barrel of cement and 2 barrels of sand. 

If laid in 1:3 cement mortar, with %-in. joints, 1,000 
bricks will require about 1 1/9 barrels of cement and 314% 
barrels of sand. With 1%4-in. joints, 1,000 bricks will require 
about 3%, of a barrel of cement and 2% barrels of sand. 

The cost will vary with the prices of above materials 
in different localities. 

Colors for Lime Mortar. Mortar colors generally are pur- 
chased in the form of dry powders. These powders are 
mixed first wtih the dry sand; then the cold slaked lime or 
putty is added, and the mass thoroughly mixed again. Hot 
lime should not be used when mixing colors. 

When spread joints are used, 1,000 brick will require 
about 50 pounds of red, brown, or buff coloring, or about 
45 pounds of black. If buttered joints are used, 1,000 brick 
will require about 40 pounds of red, brown, or buff, or about 
35 pounds of black coloring material. 

Where colored mortar is to be used, the amount of col- 
oring will depend somewhat on the shade required, and it 
is advisable to estimate on about 50 pounds per 1,000 brick. 
The coloring material, sand, and lime should all be carefully 
measured, so as to keep the same proportions throughout the 
entire work. 

With the cost of the coloring materials and the extra work 
of mixing and measuring, it is estimated that colored mortar 
on small jobs will cost from $3.00 to $4.00 extra per 1,000 
bricks. 

Colored Cement Mortar. Table LXXXIV gives quantities 
of coloring material needed for Portland cement mortar. 


Number of Brick in a Wall 
Table CXV will be of service in determining the number 
of common bricks 814x4x2%4 in. in size which are needed for 
walls of ordinary thickness. 
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For example, suppose that we wish to find from the table 
the number of bricks in a wall 125 ft. long, 15 ft. high, and 
12 in. thick. This wall contains 125X15—1,875 square feet. 
For 1,000 sq. ft. of 12-in. wall, the table gives....22,500 brick 


Hor. 800 isq tiny. fos ee ius aiateraleist = sid ats wise wats 18,000 brick 
Hor) 70 Saytt.n ase - Sore Mess Nets cielow k.nin yp eave Rate aes 1,575 brick 
POPs 5) So LG crea Seciee eee e aaiete ieee ae a ~ eiers eke aiohetors ie 113 brick 

Total 1,875 sq. ft. requires total of......... 42,188 brick 


This same method can be applied to any size of wall, 
by simply breaking up the total number of sq. ft. in the 
wall into parts which are given in the table, and then add- 
ing these parts for the final result. This final result is in 
what is called “wall measure,’ and not actual number of 
brick. 

It should be noticed, in using this table, that the thick. 
nesses of wall are given in multiples of 4 inches, or the 
width of one brick. By adding the thickness for mortar 
joints, it can be readily seen what column so-called 13-in. 
walls, 1744-in. walls, ete., will fall under. 

For actual number, or “kiln count,” multiply this number 
by 17, and divide by 22%. 

Short Method of Estimating Brick for Footings. When 
“standard” size brick 8%x4x2%, in., are used in footings 
with offsets of 2 ins. for each course used, Table CXVIII, 
based upon the calculation here shown, may be used. 


: TABLE CXVIIi 
Number of Common Bricks in Footings 


THICKNESS OF WALL | NuMBER oF Courses , NUMBER OF BRICKS PER 
(INCHES) USED IN Foorine Foot OF LENGTH IN 


FooTine 
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Fig. 87 shows an 8-in. wall resting upon a footing con- 


sisting of 2 courses of brick laid with offsets of 2 in. There 
are 3% bricks shown when looking at the end of this foot- 
ing. If we stood around on the side of the footing, we 
should see the ends of 8 bricks 4 in. wide for each foot 
length of side of fodting. Multiplying the number of bricks 
shown in the end view, by the number shown per foot of 
length in the side view, we have: 3% X3=10% bricks per 
foot length of footing. 


ik: Gi ties Lie 
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With other thicknesses of wall, thicker footings are 
needed; but the same plan for finding number of bricks per 
foot length of footing may be used. 

For sizes of brick other than that on which Table CXVIII 
is based, the figures there given will be varied to some extent. 


87" 


5 EDEL OOD 
Fig. 37. Brick Footing with 2-Inch Offsets. 
Bricks Required for a Chimney 

If it is desired to obtain a fairly close estimate as to the 
number of bricks necessary for a plain chimney, one of the 
methods described below may be used. 

If it is figured that 5 courses of brick laid in a “chimney 
will make 1 ft. of height, taking into account the thickness 
of the mortar joints, and that 5 bricks in a course will 
make a flue 4X8 in., then 5X5=25 bricks would be neces- 
sary for 1 ft. of height of a chimney with a 4x8-in. flue. 

For a flue 8x8 in., 6 bricks would be needed in each 
course, or 30 bricks for i ft. of height. 

For a flue 8x12 in., 7 bricks would be needed in each 
course, or 35 bricks for 1 it. of height. 

For a flue 12x12 in., 8 bricks would be needed in each 
course, or 40 bricks for 1 ft. of height. 

By remembering the size of a common brick, and with 
the aid of a sketch of the cross-section of the flue desired, 
no matter whether it is a single, double, or triple-flue chim- 
ney, the above method of figuring the number of brick 
needed for any chimney, square or oblong in section, may 
be used. The method of procedure consists in finding the 
number of bricks necessary to enclose the area desired, 
and then multiplying by 5 to get the number of bricks per 
foot of height of chimney. 

For example, suppose it is desired to find the number 
of bricks needed for a plain chimney 25 ft. high and having 
2 flues 8x8 in., and 1 flue 8x12 in. 
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Lay out a diagram like Fig. 38, and we find that 15 
brick are needed for a course. Then, 15xX5=75 brick needed 
per foot of height of chimney, figuring 5 courses of brick- 
work per foot of length. And, 75X25—1,875 brick, the ap- 
proximate total number needed for the chimney. 

If fancy designs are used, a special allowance must be 
made:for the same, depending wholly upon the design de- 
sired. 


Fig. 38. Section of Brick Chimney with Three Flues. 


A simple method of figuring for single flues is as fol- 
lows: 

Find the number of cu. ft. in the chimney by multiplying 
the area (in sq. ft.), of cross-section of the chimney con- 
sidered as solid, by the height in feet; and subtract the con- 
tents of the flues as indicated in the following: 

For an §&8-in. flue, subtract one-half the length of the flue 
in feet. 

For a 12-in. flue, subtract the length of the flue in feet. 

For an 18-in. flue, subtract 2%, times the length of the flue 
in feet. 


For a 24-in. flue, subtract 4 times the length of the flue 
in feet. 

Multiply this answer by 2214, and the result will be the 
number of bricks required. 

Table CXIX gives sizes and weights of common sizes of 
flue-linings. 

Fire-clay stove thimbles may be obtained in sizes vary- 
ing from 4 to 12 in. in diameter, and from 4% to 12 in. 
in length. These thimbles are made %4-in. larger than meas- 
ure, to receive stovepipe. 

Table CXX shows sizes of chimney flues for different sizes 
of buildings. 

Square tile for flue linings are sized and listed commer- 
cially from outside dimensions; round tile, from inside di- 
mensions, 
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TABLE CXIX 
Approximate Weights, Dimensions, etc., of Fire-Clay Flue-Linings 


Square or Round Corners 
(In two-foot lengths) 


Outside Weight Outside Weight 


Measure per Foot Measure per Foot 
4)ox 8 in. 14 Ibs. 814x13 iin. 28 Ibs. 
416x13 sin. 20 Ibs. 84x18 in. 45 lbs. 
416x18 in. 40 lbs. uke} Wale} © bab 38 Ibs. 
Tox 714 in. 15 lbs. 13 xi Siein- 57 lbs. 
8lex 814 in. 18 lbs. 18 x18 in. 75 lbs. 

Round Flues 


(Without. Sockets) 


Inside Weight Inside Weight 
Measure per Foot Measure per Foot 
6 in. 15eelbs: : 871% lbs. 
7 in. 1714 lbs. 21 in. tte: 
8 in. 20 = Ibs. 22 in. Bice 
9 in. 25 Ibs. 24 in, 125 Ibs. 
10 in. 271% lbs. 27 in. nee 
12 in. 324 lbs. 30 in. 220 = Ibs. 
15 in. 55 Ibs. 33 in. .: 
18 in. 70 Ibs. 36 in. 
TABLE CXX 
Sizes of Flues for Buildings of Various Sizes 
Capacity of Tile, Square Tile, Round 
Building Brick (Outside (Inside 
(Cubic Feet) Dimensions) Dimensions) 
Up to 20,000 8x12 in. 84x13 in. 10 in 
20,000 to 40,000 12x12 in. 13 x13 in. 12 in 
40,000 to 70,000 12x16 in. ils} 52d lfeh ine 15 in 
70,000 to 100,000 16x16 in. 18 x18 in. 18 in 


100,000 to 150,000 Mp OF Mass | WP babunnlev cio 
150,000 to 250,000 DAxX Aci aerae lta he eoeaee 
Table CXXI, compiled by Edward Richmond Pierce, indi- 
cates the approximate sizes of chimney-flues for steam and 
hot-water heating in residences and other buildings. 
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TABLE CXxXI 
Approximate Sizes of Chimney Flues for Steam and Hot. 
Water Heating in Residences and Other Buildings 


Direct RaADIATIONt Size oF FLUE 
STEAM WATER ; 
(Sq. Fr.) (Se. Fr.) ROUND SQUARE : 
. ¥ : =] 
250 400 8 in. diam. 8x 8 
300 500 8 in. diam. 8x 8 
400 700 8 in. diam. 8x § 
500 850 10 in, diam. 8x12 
600 1,000 10 in. diam, 8x 12: 
700 1,200 10 in. diam. 8x12 
800 1,350 12 in. diam. 12x12 
900 1,500 12 in. diam. 12x12 
1,000 1,700 12 in. diam. 12x12 
1,200 2,100 12 in. diam. 12 x 12) 
1,400 2,400 14 in. diam. 12x16 
1,600 2,700 14 in. diam. 12x16 
1,800 3,000 14 in. diam. 12x16 
2,000 3,400 14 in. diam. 12x16, 
2,200 3,700 16 in. diam, 16x16, 
3,000 5,100 16 in. diam. 16x16 
3,500 5,900 18 in, diam. 16 x 20 
5,000 8,500 18 in. diam. 16 x 20 


+Note—When a considerable amount of “indirect” 
radiation is to be used, increased boiler capacity is 
necessary; and in many cases such demands require a 
larger chimney-flue for the same number of square feet 
of radiation used. 


HOW TO ESTIMATE BRICKWORK FOR A RESIDENCE 


Figs. 39 to 43 show elevations and plans of a substantial 
modern brick dwelling-house of 7 rooms, with bath, reception 
hall, and basement. We shall now endeavor to show the 
method of procedure to be followed in estimating the number 
of bricks needed for this house. 

Two methods of figuring will be given—first, the wall 
measure, or number of bricks on which estimate of cost is 
figured, in which connection Table CXV is used; and second, 
the kiln count, or actual number of bricks bought and used, 
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figured on a vasis of 17 bricks to the cu. ft. when laid in 
wall. If the rule of 500 to the cu. yd. is used, a little larger 
number of bricks will be needed. If pressed brick is figured, 
with thin joints in surface work, 17 bricks to the cu. ft. 
will be a little low. The rule of 580 to the cu. yd. or 20 to 
the cu. ft. will be nearer. 


a 
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Fig. 39. Estimating for a Brick House. 


We shall divide the work into parts: 

1. All brickwork below top of the first-floor joists; 

2. Brickwork above top of first-floor joists; 

3. Chimneys; 

4, Deduct all openings of over 2 sa. ft., and all stonework. 
Brickwork below Top of First-Floor Joists 

Footing. The length around the foundation wall is about 
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“SIDE ELEVATION 
Fig. 40.- Estimating for a Brick House. 
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Estimating for a Brick House. 


Fig. 41. 
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121 ft. ‘Thickness of footings, 8 in., or 24 ft.; width, 1 ft. 10 
in., or 22 in. Then we have: 

121 %=—81 sq. ft. of wall surface in footings. 

This will be figured under the 20-in. column in Table CXV 
since it is 5 bricks thick, with 1% in. allowed for each of 
4 joints. 

From table for 20-in. wall, 

80 sq. ft.=3,000 bricks 
1 sq. ft 388 bricks 


For footings, 3,038 bricks 
Basement Wall. Wall is 18-in. thick, and 7% ft. high to 
top of first-floor joists. Length around wall is 121 ft. 
121X7%=—908 sq. ft. of wall surface in basement. 
From table for 12-in. wall, 
900 sq. ft.=20,250 bricks 
8 sq. ft— 180 bricks 


Total for basement, 20,430 bricks 
Deducting the following window space, allowing 8 in. 
additional width to windows, and 10 in. additional depth for 

size of frame opening: 

1 space 36”’x38”=1,368 sq. in. 

1 space 54”x38”—2,052 sq. in. 

2 spaces 32”x38”—=2,432 sq. in. 

1 space 44”’x88”=1,672 sq. in. 

1 space . 40”x38”=1,520 sq. in. 


Total, 9,044 sq. in. 
Dividing this by 144, the numper of sq. in. in a sq. ft: 
9,044 
——_—F—= SS a8d. 16, Oradea. welll . 
144 
which from the table is equivalent to 1,418 bricks. 
Also, deducting for basement door, 
Sutty Xo e(ebe—=2ie sau tte 
and 21 sq. ft. of wall surface of 12-in. wall, from the table, 
is equivalent to 473 bricks. 
Total number of bricks to deduct is: 
1,418 +473—1,891. 
Thus we have: 
20,430—1,891=18,589 bricks needed in basement wall. 
Area-Way Walls. Two walls 111% ft. long by 6 ft. high» 
and 13 in. thick. 


2X11% X6=188 sq. ft. of wall surface. 


, 
a 
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Fig. 42. Estimating for a Brick House. 
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From table for 12-in. wall, : 
100 sq. ft.—2,250 bricks 
30 sq. ft. 675 bricks 
8 sq. ft 180 bricks 


Total, 3,105 bricks in area-way walls. 


Piers. The following piers are called for by the plans: 
2 16-in. square brick piers at front, 7 ft. high. 

2 16-in. square brick piers at front, 4 ft. high. 

2 13-in. square brick piers in cellar, 7% ft. high. 

1 16-in. square brick pier at rear, 4 ft. high. 

1 8x12-in. brick pier at rear, 4 ft. high. 


Figuring these as walls either 12 or 16 in. thick as the case 
may be, we have: 
7’ X1%’X2=—19 sq. ft. of wall surface in 2 piers, 16 in 
thick. 
From table for 16-in. wall, 
10 sq. ft.=300 bricks 
9 sq. ft.=270 bricks 
Total, 570 bricks 
Also, 
4’X1%’X2=11 sq. ft. of wall surface in 2 piers, 16 in. 
thic':. 
From table for 16-inch wall, 
10 sq. ft.—300 bricks 
1 sq. ft.= 380 bricks 


. ¥ 
—— Se Ae | Se. 


Total, 330 bricks 
Also, 
744'X1'X2=15 sq. ft. of wall surface in 2 piers, 12 in. 
thick. ' 
From table fo.: 12-in. wall, 
10 sq. ft.—225 bricks 
5 sq. ft.—113 bricks 


Total, 388 bricks 
Also, 
4’X1%4’=5% sa. ft. (nearly) of wall surface 16 in. thick. 
From table for 16-in. wall, 
5 sq. ft.=150 bricks 
% sq. ft— 15 bricks 


Total, 165 bricks 
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Fig. 43. Estimating for a Brick House. 
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For the 8x12-in. pier, figure it as a wall 12 in. thick, 
ft. high, and % ft. long: 

4’X 24’=3 sq. ft. (nearly) of wall surface 12 in. thick. 
From table for 12-in. wall, 

3 sq. ft—68 bricks. 

Adding together the various totals for the piers, we have: 

Total number of bricks in piers—570+330+338+165+ 68— 
1,471 bricks. c 

For total number of bricks in footings, basement walls, 
area-way walls, and piers, we have: 

3,038+-18,539+-3,105+1,471—26,153 bricks. 

This is wall measure, and not actual number or bricks. 


If the actual number of bricks is desired, we should pro- 
ceed as follows: 


Find the actual cubic contents of all brickwork, and mul- 
tiply the result by 17—that is, by the number of bricks con- 
tained in a cu. ft. of wall with ordinary mortar joints. 


The cubic contents will be figured as follows: 
Footings— 
121’ X 34’ XK12%4’—133 cu. ft. 
Walls— 
121’X7%’ X1’—908 eu. ft. 
Subtracting (68+21) X1=—84 cu. ft. for door and windows, we 
have: 
908—84—824 cu. ft. 
Area-Way— 
11%’X6’X1’X2—138 eu. ft. 
Front Piers— 
VX1%’X1%’X2=25 cu. ft. 
4’X1%’X114’X2—14 eu. ft. 
Basement Piers— 
744’X1’X1’X2=15 cu. ft. 
16-Inch Pier at Rear— 
4'X1%’X114'=7 eu. ft 
8x12-Inch Pier at Rear— 
4’X1’ X %4’—224, or 8 cu. ft. 
Total cubic contents, 
133+824+138-+ 25+14415474138—1,159 cu. ft. 
Allowing 17 bricks to the cubic foot, we have: 
1,159 X17=19,708 bricks 
as the actual number of bricks needed below the first floor. 
If we wish to check up the wall measure, which was 
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96,153, by applying the rule of 2244 bricks per cu. ft. of wall, 
we find: 

1,159 X 22%4—26,078 bricks, 


which is very close to the figure found by the use of Table 
CXV. 


Bricks in Walls from Top of First-Floor Joists to Roof 
Since the method of procedure has now been outlined, we 
shall go directly to the house plans for our dimensions in 
each case, and proceed with less detail. 
Side Walls— 
37 ft.X1334 ft—509 sq. ft. 
From table for 8-inch wall, 
500 sq. ft.—7,500 bricks 
9 sq. ft— 185 bricks 
Total, 7,635 bricks 
Multiplying this by 2 for 2 walls, we have: 
2>7,635=15,270 bricks. 
Add for gables on sides: 
22’11’X %4—121 sq. it. 


(Area of a triangle is equal to one-half the product ob- 
tained by multiplying the length of base by the height.) 
From table for 8-inch wall, 

100 sq. ft.—1,500 bricks 
20 sq. ft.— 300 bricks 
1 sq. ft— 15 bricks 
Total, 1,815 bricks 
Multiplying this by 2 for 2 gables, 
1,815 X2—3,630 bricks 
Then, 
15,270-+-3,630—18,900 bricks. 
Deducting openings in walls, making same allowance as 
before, 
1 space 36”X58”=2,088 sq. in. 
2 spaces 98” X58”"—=3,248 sq. in. 
1 space 66”X76”—5,016 sq. in. 
1 space 44”X62”=2,728 sq. in. 
Total, 13,080 sq. in. 


13,080 
91 sq. ft. of wall surface. 


144 
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From table for 8-inch wall, 
90 sq. ft.—1,350 bricks 
1 sq. ft— 15 bricks 


Total, 1,365 bricks 


Deducting 1,365 from 18,900, we have: 
18,900—1,365—17,535 bricks. 
This is wall measure for the side walls of building. 
For the front and rear end walls, the figuring will be done 
as follows: 


End Walls—Front— 
Deduct thickness of side walls, which has already been 
figured in in getting number of bricks in side walls. 
2014’X1334’—282 sq. ft. 
with gable, 
xX 22’X11’—121 sq. ft. 
403 sq. ft. 
Deducting front bay window opening in wall, 
12’X10’—120 sq. ft. 
283 sq. ft. 
Deducting also front door opening, 
314’X714’= 25 sq. ft. 
258 sq. ft. 
1 space, 24xX40”— 960 sq. in. 
1 space, 66” X62”—4,092 sq. in. 
5,052 sq. in. 
5,052 


—35 sq. ft. 
144 
258—35—223 sq. ft. 


Add for bricks in front bay window: 
Length around front bay—14% ft. 
Height—10 ft. 
1414’X10’—145 sq. ft. 
Deduct window openings, 
1 space 54”’X76”—4,104 sq. in. 
2 spaces 32’”X76”’—4,864 sq. in. 


—__ 


8,968 sq. in. 


MASONRY CONSTRUCTION—BRICK 399 
8,968 


—62 sq. ft. 
144 
145—62—83 sq. ft. of wall surface. 
Adding 223 sq. ft. of surface in front wall and 83 sq. ft. in 
front bay, we have: 
223+-83—806 sq. ft. 
From table for 8-inch wall, 
200 sq. ft.—3,000 bricks 
100 sq. ft.—1,500 bricks 
6 sq. ft— 90 bricks 
Total, 4,590 bricks 
for front end wall of house. 
Rear Wall— 
2014’ X13%4’—282 sq. ft.; 
with gable, 
14 X22’X11’—121 sa. ft. 
403 sq. ft. 
Deducting rear bay window opening in wall, 
11’X10’=110 sq. ft. 


293 sq. ft. 
Deducting also rear door, 
3’ 714’— 22 sa. ft. 


OTL Sdse Lt. 
and deducting window openings, 
1 space, 36”X70”=2,520 sq. in. 
1 space, 38”X70”—2,660 sq. in. 


5,180 sq. in. 
5,180 
—36 sq. ft. 


144 
271—36—235 sa. ft. of wall surface. 
Add for bricks in rear bay window: 
Length around rear bay—14 ft. 
Height— 9 ft. 
14’ 9’=126 sq. ft. 
Deduct window openings, 
2 spaces, 28’ X76”—4, 256 sq. in. 
1 space, 44”X76”—3,344 sq. in. 


7,600 sq. in. 
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7,600 
——53 sq. ft. 
144 
126—53—73 sq. ft. 
Adding 235 sq. ft. of surface in rear wall, and 73 sq. ft. of 
surface in rear bay, gives: 
235+78—308 sq. ft. 
From table for 8-inch wail, 
200 sq. £t.—3,000 bricks 
100 sq. ft.—1,500 bricks 
8 sq. ft— 120 bricks 
Total, 4,620 bricks 
for rear end wall of house. 
Total Wall Measure above First Floor— 


SIG@S'& . JRusyreiigo eRe ealeko ee BCR ee oe 17,535 
NON Gras hiekece ee ce escicns is AMomtaeen ae Retere teem taiere os cue cieee 4,590 
RGaDy tinawiow cee ghte Steg «bie era epee ascints wee 4,620 


26,745 bricks 

To determine kiln count, or actual number of bricks, we 
may, as before, find the actual cubic contents of the walls 
above the top of the first-floor joists, and then multiply by 
17. Or we may multiply the above “wall measure” number, 
26,745, by 17, and divide by 22%. 

26,745 X17 
—20,207 bricks, “kiln count.” 
22% 

As a matter of interest and as a check on the work, we 
shall go back and add up the cubic contents of the walls 
above the top of the first-floor joists. 

From the previous work, 

Side walls, sq. {t.—(509+121) xX 2—1,260 
Deducting openings, sq. ft., 91 
1,169 
Front wall, sq. ft., 306 
Rear wall, sq. ft., 808 
Totalyedeves saeit: 
Multiplying this wall surface by the thickness, 8 in. or % ft, 
1,783 X 24’—1,189 cu. ft. 

Applying the rule of 17 bricks to the cu. ft., we have: 
1,189 X17—20;213 bricks, “kiln count,” 

which checks approximately with the previous result. 


= 
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Chimneys— 

One chimney 331 ft. high., with 8x12-in. flue: 

From page 385 we see that for an 8x12-in. flue 35 bricks 
are needed for each foot of height: 

33% X35—1,173 bricks. 

One chimney 3314 ft. high with 8x8-in_ flue: 

From page 385 we see that for an 8x8-in. flue 30 bricks 
are needed for each foot of height: 

331% X30—1,005 bricks. 

Total for 2 chimneys: 

1,173+1,005—2,178 bricks. 

If it is desired, these figures may be checked by the 
chimney rule given on page 386. 

Adding the numbers of bricks determined from the pre- 
vious calculations, we find that the following bricks are 
needed: 

Wall Measure— 


Basement wand efOolne sa... senceee aces een ee 26,153 
DOVER BT SUL TOOT Mate sete, cole cie eal sense a eee 26,745 
Chimney smermtterrce aire cas ole en 2,178 

55,076 

Kiln Count— 

BASOMon mand MLOOUMAS Ma nasties octamer e 19,703 
PADOVOR IES tHILOOI sepa cet ae teine oes Shin ree ee eee 20,207 
CHUMMT OY Siete eee etl eee Ts eas eee oe ciiala dens are Ce, 2,178 

42,088 


A nearer approximation may be reached by deducting the 
volume of the cut stone shown in the plans. The walls thus 
far have been figured as solid brick, with no notice taken of 
the stone. 

Cut Stone—Front — 

Piers: 

14” 4” X30”—1,680 cu. in. 
9” x4” 30”—1,080 cu. in. 
Front Wall: 


1 piece, 9” 4” * 30”—1,080 cu. in. 
1 piece, 6” x4" 30”— 720 cu. in. 
1 piece, 6” x4" 30"—= 720 cu. in. 
1 piece, 12” >< 4” 30”—1,440 ecu. in. 
1 piece, 12” 4” x 30”—1,440 cu. in. 
1 piece, 9”X<9”" X30”—2,430 cu. in. 
1 piece, 75" <4" *12”—3,600 cu. in. 
1 


piece, 51” 4" K12”—2,448 cu. in. 
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piece, 51” X 4” X12”—2,448 cu. in. 
sill, 60”*5”"” 5”—1,500 cu. in. 
sills, 39”X5”X 5”—1,950 cu. in. 
sill, 30” «K5"* 5”— 750 cu. in. 
sill, 44”X5”"” X10”—2,200 cu. in. 
sill (2d story), 72"<5"x 5”—1,800 cu. in. 
flat arch, 72”X4”X18” (average height)—5,184 cu. in. 
(Deduct stone water-table if there is one.) 


1 
i 
2 
1 
1 
al 
1 
Side Walls: 
1 sill, 32”<X5”"”xX 5” 800 cu. in. 
ab pun, 42”*5”X 5”—1,050 cu. in. 
1 sill, 36”"X5"> 5”’— 900 cu. in. 
1 sill, 66” X5”X 5”’—1,650 cu. in. 
1 sill, 36” X82 5’— 900 cu. in. 
2 sills, 28”X5”"”X 5”—1,400 cu. in. 
ale yb, 44"5" > 5”—1,100 cu. in. 
1 flat arch, 72” X4”" X18”—5,184 cu. in. 
1 flat arch, 54” <4" X%15”—3,240 cu. in. 
1 lintel, 52” X4”" K12”—2,496 cu. in. 
1 lintel, 42” 4" x12”—2,016 cu. in. 
1 lintel, 48” X4"X12”—2,304 cu. in. 
Rear Wall: 
1 sill, 40” <5” X10”—2,000 cu. in. 
1 sill, 38" x5" 5”’— 950 cu. in. 
1 sill, 36” X5” X 562 900 cu. in. 
2 sills, 28” X5"”X 5”’—1,400 cu. in. 
1 sill, 4° xb" xX 5”—1,100 cu. in. 
1 sill, 40” <5" 5”—1,000 cu. in. 


Adding to determine the total volume of stonework, we 
find the result to be: 
62,860 cu. in. 
Dividing this by 1,728, the number of cu. in. in a cu. ft.: 
62,860 
———=36 (nearly) cu. ft. 
1,728 
By the rule of 22% bricks to the cu. ft., we should deduct: 
22% X36—810 
bricks from the ‘wall measure” of 55,076 bricks. 
Or, by the rule of 17 bricks to the cu. ft., we should de. 
duct: 
17X36—612 
bricks from the “kiln count,” or actual number used, of 
42,088. 


bl i oh eee in. 


a ge ee 
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This would leave the final result as follows: 


NYRI A MGAG Obed Set ated «Lit ON Meg 54,266 bricks 
PRE POOGML SRE Otte, ro tee oho nie cree ee cls. 41,476 bricks 


Allowing 5 per cent for breakage on each of the above 
amounts, we have: 


5 
54,266-+-—— x 54,266=56,979 bricks 

100 

5 
41,476-+-—— X 41,476—43,549 bricks 

100 

These are the approximate numbers needed according to 
the two methods of figuring. In practice these numbers 
would probable be treated as 57 thousand and 44 thousand. 

No attempt has been made here to separate the various 
kinds of brick, as the intention is to show the method of 
obtaining the number of standard 8%4x4x2¥-in. bricks which 
are needed. By applying the same methods, the number of 
each kind of brick in a house where several qualities are 
used may be found. 

On large jobs of brickwork, it is often usual for the con- 
tractor to specify a minimum size for the bricks so as to 
guard against losses from estimating that a certain number 
of bricks will build a certain number of cubic feet of wall, 

Thickness of mortar joints is also a quantity to be figured 
on in determining actual number of brick. This point was 
referred to on page 382. 


Data Concerning Brickwork 
The weight of brick walls, at 112 pounds per cubic foot, is: 


ORL Wied leesrarorotste cette 84 pounds per superficial foot 
WES a IE aE eA, PA loge ot ns s 
Ee See ee a eae rs Ae Ya 2 aioe “ oe cs 
22 pele Sere cree, coerce tet 2) See . < 
VAS S SASS tent Ung aes Pa! 245 ae ¥ oo 


A load of sand or mortar is a cubic yard. 

Sand weighs from 80 to 115 pounds per cubic foot, or 1 
to 1144 tons per cubic yard. 

A cu. yd. of mortar requires a cu. yd. of sand, and equals 
30 hodfuls. 

No 8-in brick wall should be over 14 ft. in height. 

Flemish bond costs more to lay than plain or English 
bond. 

The waste of brick in good material is about 2 per cent 
for ordinary work; in soft or salmon, as much as 5 per cent. 
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The space occupied Ue 1,000 bricks when carefully stacked, 
is about 56 cu. ft. 

It is often estimated that a bricklayer’s hod will hold about 
20 bricks, or about 100 pounds weight. This type of hod is 
generally about 8 in. on a side, and 20 to 22 in. in length. 

A mortar hod which is about 12 in. on a side, by 22 in. 
long, will hold about 1/30 of a cu. yd. of mortar. 

Walls that are a brick-length thick are often called 9-in. 
walls. 

A 18-in. wall is a brick-length, plus its width, plus the 
thickness of a mortar joint. 

A 17-in. wall has a thickness equal to the length of two 
bricks, with the mortar joint. 


Comparative Cost of Frame and Brick Construction 

The question of comparative costs is one which the con- 
tractor or builder often has to face; and, unless experience 
has given him the desired knowledge, he is often troubled 
as to how to proceed in the matter. As an example, we shall 
show an approximate method of determining the difference 
in cost between an ordinary frame residence, the same size 
of house in brick veneer construction, and the same in solid 
brick. 

On account of the roof, foundations, floors, windows, doors, 
all interior finish, etc., being practically the same in each 
house, we shall confine ourselves to a comparison of the 
costs of the walls in each form of construction. 

In the brick construction, the costs of stonework such as 
sills and lintels will have to be added. 

If stonework is used for porches in the construction, of 
a brick house, this cost also will have to be added. These 
prices may be estimated from the data already given under 
“Cost of Stonework.” 

The difference in cost of plain wall construction for the 
three forms of construction is approximately as follows: 


~ Frame Construction 
(Per square yard of finished wall surface) 
Dimension lumber, 8 ft. B. M., at 4c per ft. (in as Sea WS 
Sheathing, 10 ft. B. M., ati4c per ft. (in wall).....-....) 40 
Siding, 12 ft. B. M., at 4%c per ft. ‘ wall) Scie mre aise siete Oe 
‘Building *paper,; put.on, per yardeisedcesistacices cece cnee ees 
Painting, two coats, per yd...... alee a's eaters lores cieietetels, © orem ales 
-- Plastering, three: coats, per yards... ce sce ctl ce cinieetenme eco 


EE 


Total; per 80.- Yd «ic oacce wales ete cone OI 


F 
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Brick Veneer Construction 
(Based on cost of face brick at $21.00 per 1,000) 
Dimension lumber, 8 ft. B. M., at 4c per ft. (in wall)... - $0.32 


Sheathing, 10 ft. B. M., at 4c per ft. (in NUD Re a ae 46 
Building paper, put ODS DOLAV OC Shia foci ree cee re 03 
63 face brick, at 3%4c each (in wall) ryratccn sae ee 2.21 
Plastering, three SOUGE IWS lage panos o4ahenne SOodnosoe aa 

Ph Bl DOT BO VG ores hig wale Cau eeeen on oes, Sh po one 


63 face brick, at 314¢ each (in WALL )orrecictasciere soto ee $2.21 
126 common brick, at 74) pere1.000(dnmwall) een. sen oae 1.76 
Furring walls, per WAL h e's erator ioreeie alee. eee ee 06 
Plastering, three COALS, DET Vd scin<s ahefsintse ess Noe ratte. 26 

Tonle nerayde... 4... Paes Veet ee ee $4.29 


The above figures will give a fair idea of the comparative 
wall costs. Of course, the percentage of the total cost of 
these different houses will not be directly proportional to 
these above costs, since the latter are only a part of each 
total. By adding to each one of these the cost of floors, 
roof, interior finish, etc., divided by the total number of 
Square yards of wall surface, we would then be in a position 
to give a comparative estimate on the total cost of the forms 
of construction. This percentage of the total cost is often 
figured as being 20 to 25 per cent greater for veneer con- 
struction than for the frame, and about 40 per cent greater 
than the frame for the solid brick construction. 

BRICK CISTERNS 

Table CXXII will be found of service in estimating the 
number of bricks required in circular brick cisterns with 
open tops. If an arched top is used, the number of additional 
bricks required may be estimated by determining the number 
of square feet of top of a given thickness, and then using 
Table CXV for walls. 

In the excavation part of Table CXXII, 6 in. has been 
added to the outside diameter of brickwork, in order to pro- 
vide plenty of room for laying bricks. 

To use Table CXXII, multiply the number of bricks in col- 
umn corresponding to the diameter and thickness of wall 
desired, by the depth of the cistern; and add the number 
required for the bottom. To reduce the capacity of the cis- 
tern to barrels, divide contents in gallons by 31.5. 
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TABLE CXXIl 


Number of Bricks Required for Cisterns per Foot of Height 


of Wall 

se] = a 

Cl 3 ~ Secale 4), hiows ~ 3 ~ Co) qd 2° 
ont, | agg | Cea | oad | Sse | S38] sae | sey 
oSae ood Saez | om -2 Q as eG BS 
Boks | gFa | GHP |O¥gs| oS0 eSo | 853 | eas 
Baie | de | Fes [SEs | S83 | 258 | 283 | 253 

sr5 ‘oa AOR Qe iy 38 OFS ica) 
Bo abe Amie) 7 2 sy io) - z o6 OO Ot 

4 4 84 50 12.5 12.5 94 21 

4 8 180 50 12.5 12.5 94 27 

5 4 104 80 15.7 19.6 147 30 

5 8 220 80 15.7 19.6 147 37 

6 4 124 110 18.8 28.2 212 40 

6 8 260 110 18.8 28.2 212 48 

7 4 145 154 22.0 38.4 288 52 

7 8 300 154 22.0 38.4 288 62 

8 4 165 200 25.0 50.0 376 66 

8 8 340 200 25.0 50.0 376 76 

9 8 400 255 28.2 63.5 476 92 

9 12 610 255 28.2 63.5 476 104 

10 8 450 312 31.4 78.5 585 110 

10 12 672 312 31.4 78.5 588 122 

11 12 735 380 34.5 95.0 711 143 

12 12 800 450 37.5 113.0 846 165 

13 12 865 530 40.8 133.0 992 188 

14 12 924 616 44.0 154.0 1152 216 

15 12 990 705 47.0 176.0 1322 240 

16 12 1050 800 50.0 200.0 1504 270 


— 
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Rectangular cisterns may be figured by determining the 
number of sq. ft. of wall surface and the thickness of wall, 
then determining the number of bricks from Table CVX. 

The size of a rectangular cistern for a given capacity may 
be found from Table CXXIV. The dimensions given are for 
inside measurements of cistern. 


PRESSED CEMENT BRICK 
Table CXXIII will be found useful in estimating the quan- 
tities and cost of materials required for the manufacture of 
pressed cement brick. 
TABLE CXXIIl 
Material Required for 1,000 Pressed Cement Brick 


OOO 


Parts of sand toone of P 


PEnentwescacisn ones cae eg ze 3. 4. 5. 6. as 

ement, barrel (380 : 

pounds net) .......... 6.30) 4.25 3. 2.5 os 1.5 1.40 
‘Cement, pounds......... | 2,400. | 1,610. | 1,150. | 910. | 750. | 643. | 562. 
Sand, cu. yd, (basis of 

110 Ibs. cu, ft.)........ .88 1.10 1.16 1.22 1.25 1.29 1.32 


; Quired per 1,000 brick, 
; at prices below for ce- ; 
MENG ANG SANA Acces sc Nesesaceclecssoveslscoce Posles can pnitascieasisclosipecesstoocese cel 
al cost of Portland Ai 
cement per barrel..... |.. faleioieieis||viacis sulviol asia Seisieiel'sisisisinectl siesiietsiwellopaseneeleee toes ° 
Local cost of sand per ; 
COND Kes f03 Bae ap acicGon POOcs00e Bi: SoGed SABaSBad baasHiiad BRAA-aAd be Dinclaisiel salviesi ate 


i reesttocccre® 
In the above table, the cost spaces (per 1,000 brick) are left 
vacant so that they may be filled in by the contractor or builder 
for his own locality. 
For example, if a 1:3 brick is desired, with cement at $1.20 per 
barrel, and sand at $1.00 per cubic yard, the above table shows that 
Approximately 3 barrels of cement and 1.16 cubic yards of sand will 
ibe needed. Therefore the approximate cost per 1,000 bricks will be: 


\3 X $1.20 + 1.16 X $1.00 = $4.76 
FIRE BRICK 

Fire brick are a special form of brick which are used in 
places where high temperatures are common. A common in- 
stance is in the lining of furnaces or fire-boxes under boilers, 
or as a backing and side walls in fireplaces. The common 
size for fire brick is 9x4%x2¥% in. 

Since the common use of fire brick is practically limited 
to places where they are exposed to great heat, they should 
be laid in a mortar made from fire clay. 

Although fire clay in itself does not have the holding prop- 
erties of a lime or cement mortar, and is really used to fill 
up irregular spaces between the fire bricks, the addition of 
a small amount of lime (about 1 part in 100 by volume), when 
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OF PRONT LINING SECTION 
AT AA. 


Fig. 44. Tubular Boiler in Brick Setting. 


TABLE CXXV 
Materials Required for Brickwork of Tubular Boilers 
(Boilers with Full Front—Single Setting) 


_ Boilers Common Fire } Sand Cement | Fire Clay Lime 
Brick Brick | Bushels (Bbls.) Pounds (Bbls.) 

in.x 8 ft, 5,200 320 . 42 5 192 2 
30 in. x 10 ft. 5,800 320 46 5% 192 234 
36in.x 8 ft 6,200 480 50° 6 288 2 
36in. x 9 ft 6,600 480 5 6% 288 2 
36 in. x10 ft 7,000 480 56 7 288 3 
36 in, x 12 ft 7,80) 480 62 8 288 3% 
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Estimating Brick Setting for a Firebox Boiler. 


Fig. 45. 
A—Front elevation and section, showing brickwork; B—Side view, showing longitudinal section. 
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mixing the paste or mortar for laying the bricks, will form 
a vitrified bond between the bricks, thereby holding them 
in place. A final coat of thin fire clay is brushed onto the 
work, and a gentle heat applied to drive out moisture, before 
subjecting to high temperatures. 

It is claimed that about 700 pounds of fire clay are needed 
for 1,000 fire brick. The cost of fire clay is approximately 
as follows: Dry powder, $1.50 per ton, delivered on cars; 
calcined fire clay, $3.00 to $4.00 per ton. 

For puddle, $1.50 per cu. yd., delivered. 

BOILER SETTINGS 

Figs. 44 and 45 show the ordinary forms of boiler set- 
tings. That shown in Fig. 44 is for the ordinary form of 
tubular boiler with what is known as a full front, or a cast- 
iron front which’ extends the full width of the boiler and 
from the floor to the top of the brick setting, 

Table CXXV gives an estimate of the materials required 
for various sizes of tubular boilers with full fronts. 

Fig. 45 shows an ordinary form of horizontal tubular 
boiler, with firebox in front end. This form of boiler is used 
quite extensively for heating purposes. 

Table CXXVI gives approximate number of brick required 
for 8-in. and 12-in. walls. 

BRICK SEWERS 

See Sewers and Conduits. 

' BRICK PAVING 

See Roads and Pavements. 

TILE WORK 

Table CXXVII gives not only the shape and size of many 
of the common tiles, but also the number of each kind re- 
quired to fill exactly one sq. ft. of space. An allowance of a 
small number should be made for breakage and losses. 
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Fig. 46. Section of Tile Floor Laid on Wood Joists. 


For example, if we have a section of tile wainscoating 8 
ft. long and 5 ft. high, composed of oblong white tilés 6x114 
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TABLE CXXVI 


Number of Brick Required for Firebox Boilers 
(Single Setting) 


Boiler 8-in. Walls 12-in. Walls 

30 in.x 61% fb. 1,650 2,400 
30 in.x 7% ft. 1,820 2,600 
30 in.x 814 ft. 2,900 
36 in. x 714 ft. 3,200 
386in.x 9 ft. 3,600 
36 in. x 10% ft. 4,000 
42in.x 84 ft 4,000 
42in.x10 ft 4,500 
42 in. x 11% ft 5,100 
48 in. x 10% ft 4,900 
48in.x 12 ft 5,400 
48 in. x 13% ft 5,800 
54in.x 14 ft. 6,900 

in. x 1614 ft. 7,500 


in. in size, and a border along the top made from blue and 
white triangular, or diagonal, tile 6x6 in. in size, to find the 
number of tiles needed for this piece of work, we proceed as 
follows: : 

The area to be covered by the oblong tiles is 8 ft. long 
and 414 ft. high. 

8X4146—36 sq. ft. 
There are 144 sq. in. in one sq. ft.; therefore, 
36 X144=5,184 sq. in. 

Now, since 1 oblong tile, size 6x1% in. contains 6xX1%—9 
sq. in., the exact number of tiles needed for the part 8 ft. 
long below the border, is: 

5,184 


= 576 tiles. 


Better make this 600, to allow for loss and breakage. 

Now that we have seen the principle involved in this cal- 
culation, we shall explain the method of using Table CXXVIIf 
and see if the results check in value. From our figures above 
we have 36 sq. ft. below the border. This space is to be 
filled with 6x114-in. tiles. From the table, the number of 
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TABLE CXXVII 
Number of Tiles Required per Square Foot of Area to be 


Covered 
HAPE S1zk IN: NUMBER IN 
8 ? or TILE _ INCHES SQuaRE Foot 
(re ce 
fouare Ge ee en ees seseeee 8 x6. 4 
= JGrcccccccvecce : xf . 
BTC. ces ceeeecccces x 
Spee it x i 16 
uare, ... 3 x38 16 
cee ty x Bh 3 
le doe x 
oe eielaes 
ee x 
Diagonal 3 dg x lb. 128 
MATOS deccascccses lis x Ids 128 
Diagonal 3¢........ ley X lps 256 
SQUATAS 2 oc carccisines en 2 x2 36 
Baquare, ..0sescccees: {ext 144 
Oblong......s0eee0e 6 x4 6 
ODIONR se pesscess. Ase 6, x8 8 
re Seema pare sovsesoes) wt Xie 12 
WIONG she ccacieee cen ebiekerciceteins 6 xl 16 
6 xi 24 
Oblong 4} x 2) 16 
Oblong 44 x iis 32 
Oblong. 3 xb 32 
Ublong 8 xl 48 
blong 2k x 1s : 
Octagon. 6 x'6 
Octagon Diagonal 34.0.0... 5 : 6 x6 
OetagoniSaduare 26i.cscsactessunesmemeaestswiscessmace 6 x6 oy 
Yetagzon Square %..... Bencionerine se gianweccne maieieoieiae 6 x6 18 
OXSZORA «cele ais teicets pes seeiaebale ebiolise viele sits 6 x3 10 
Hexagon Long ¥... ssisninuigoncedaseieweneesen mene 6 x38 21 
Hexagon Short és .ccvcs soeess so sevciccsec teens So -etein | er Omm keo 21 
; a5 avsimesasieicleiels Bx $ 18 
HOXBEODi cceveciconsis cue siase pelclesthac asic 6 x ds 6 
Hexagon Diagonal ace 6 x Sve 123 
Hexagon Square 4. 6 x bye 12 
Pentagon .. 5s x 2 144 
Octagon.... 4k x 4k 9 
Octagon Diagonal. 4) x 4} 18 
Octagon Square 34..4,45 44 x 4h 18 
Oblong rays cccesacecctis Soeleie 3 xh 96 
Oblong rasceescrete 6 x} 48. 
Hoxagonsiiccetnen Goeernes esse yy i 44 x 2h 21 
Hexagon SHG 36.0 cccceccsecsinegcensyseccsses 4} x 2h 42 
Hexagon Long 4 ...........+ Reesclanmeres sages 44 x 2) 42: 
Square. ..... oF yx} 576 
Oblong........ 6 x? 82 
Hexagon.......- Soneare 3 x B49 18 
Hexagon Diagonal 3¢.. 3 x 343 36: 
Hexagon Square 34. 3B x 344 36 
Oblong... oe xy 192 
Hexagon. eat 2 x Qf 41} 
Hexagon Diagonal %. Ac 2° xX 2f5 83 
Hexagon Square }4... g 2 x 2x5 $3 
MODB isa ciecisececelaleiucts c 9 x3 5} 
Oblong..... an ; 6 x 43 H 
Wafeepes Ao ane 1ys x 43 256 
| Oblong.... : oe 5 x10 232 
Hexagon. ..... 5 he 2f5 x 2a) 31% 
Hexagon Diagonal 3. ad aabtedsedoons vole disiate ris x 234 62; 
Hexagon Square 4 ‘ one 2:5 x 23) 62 
HEXAGON, .cceiecsteceoss> siete * 12 x2 64 
Hexagon Diagonal Hevess. see rai elo alse esiamerr ete 13 x2 108} 
Teale. panere M%.. aanene 1 x2 ne 
oo 6 3 74 
Sage 13% 100$ 
' é 13% 2109 
- a8 lyy 249 
; oo Ao 1 298 
EY 
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6x1%4-in. oblong tiles which are necessary to cover one sq. 
ft. of surface is 16. Therefore, 


36X16—576 tiles required. 


This result checks with our first figures. 
For the border of diagonal tiles, we have an area 8 ft. 
long by % ft. high which is to be filled. 


8x %—4 sa. ft. 


From the table (second line from top), we find that we shall 
_ need 8 diagonal 6x6-in. tiles per sq. ft. Therefore, 


4X8—82 tiles required for border. 


Better make this 40, to allow again for loss and breakage. 
This would mean 20 blue and 20 white diagonal tiles. 

This same principle may be used in figuring other sizes 
of walls, and in using other sizes of tiles. 


Pe 


Steel Construction 


GENERAL ANALYSIS OF STEEL COSTS 


An itemized review of costs in steel structural work com- 
prises the following headings: 


(a) The weights of the various standard sections used 
in the main members. 

(b) The weights of different kinds of sections and ma- 
terials used in the details of fittings, such as connection angles, 
separators, plates, tie-rods, etc. 

(c) The costs of each of the above, taking careful note 
of extra charges for sizes other than base, extras for work 
done on the material at the mill, and extras for small quanti- 
ties of a given material. 

(d) Any extra shop costs in preparing material for erec- 
tion. 

(e) Cost of shop painting. 

(f) Cost of erecting, or putting material in place in 
structure. 

(g) Cost of finish on material. 

(h) Miscellaneous costs, such as drafting room expenses, 
freight and haulage, traveling expenses, profit, etc. 


In making up the estimate of cost of material in the main 
members, the sizes, lengths, and weights per foot of length 
may be taken directly from the general drawings, and then 
the cost determined as detailed under c, above. 

Sizes and weights of details may be determined from the 
details drawings, each kind or shape of material being listed 
separately, and an addition of 1.55 cents made to the base 
price of each for each 100 pounds as referred to on page 
425 under heading of “Mill Extras.” Standard connections 
and separators for use with I-beams and channels may 
be purchased from the various steel companies, who issue 
tables giving sizes and weights to be used in figuring these 
products. 

In estimating the cost of riveted girders or columns, the 
weight of the plain structural shapes and plates of which the 
member is made up is taken; and then an extra price per 
pound is added, to cover the cost of mill work, rivets, and 
‘ assembling. According to Mr. Frank BH. Kidder, this extra 
will be about as follows: 
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Light channel or Z-bar columns..................1%e per Ib. 
Heavy channel or Z-bar columns........ so ease oe Deb AD: 
Plate girders, 24 to 48 inches deep............... 1%c per Ib. 
Box girders, 24 to 48 inches deep......... Sschicher eyes 1%c per lb. 
Box girders, 48 to 60 inches deep............ 1 1/10c per Ib. 


A list of extras to be added to the price of plain beams 
and channels is given on page 425. These are commonly re- 
ferred to as mill extras. 


COST OF STEEL STRUCTURES 


In bidding on a structure, the bid may be for a lump sum 
to complete the work, or for so much per ton, or for so much 
per pound. In any case, the contractor will not directly esti- 
mate it that way himself. He will take into account and 
figure on the ten or twelve costs which go to make up the 
total, and will then transform them into the lump sum bid or 
the unit-price. 

Raw Material and Mill Work 


The raw material means the various shapes just as they 
come from the rolls. These vary in price in different years, 
and at different periods of the year. They also vary in price 
according to the size and kind of shape. Since these varia- 
tions in price are due chiefly to the varying costs of ore and 
cast iron or biilets, there is a certain price for various shapes 
called base price; and to this must be added the so-called 
card extras for a particular shape, in order to get the price 
per pound for that particular shape. 

The base price will be found in standard trade papers 
covering the steel structural field. The card extras are issued 
at certain intervals by the manufacturers, and can be had for 
the asking. Any dealer in hardware can get you one. Some- 
times one-half the card extras are to be added to the base 
price. For example, suppose the base price was 1.87% cents 
per pound, and the card extra for 24-inch I-beams was 0.10 
cent. The price for 24-inch I-beams would be 1.874%+0.10— 
1.971% cents per pound. 

In cutting material in the mills, a 3-in. variation is allowed. 
That is, if you order a plate 18 ft. 714 in. long, it may come to 
you 18 ft. 7% in. long, or 18 ft. 7% in. long. So, in ordering 
material, it is ordered longer than the finished length, in 
order that it will be correct if the mills happen to cut it 
%g inch shorter. If longer than the ordered length, it can be 
cut again after it reaches the shops. 

No shop work will be done on angles and plates at the 


_) 


STEEL CONSTRUCTION 417 


mills, but they will do a certain amount on I-beams and 
channels. The work they will do on I-beams and channels 
is punching the same or different-sized holes in various parts, 
cutting and bending, and painting and fitting connection 
angles on the ends. It is often cheaper to have the mills do 
such work as the above, and then have the material shipped 
directly to the site of the proposed structure, thus saving 
some freight and all handling at the shops. 

The mills issue cards stating the cost for performing the 
different operations as given above. This cost is in cents 
per pound of beam worked upon. It costs just as much to 
have one hole punched in the web of a 20-in. 65-pound I-beam 
30 feet long, as it would to have 1,000 holes punched. A 
beam such as the above weighs 6530—1,950 pounds; and it 
costs 15 cents per hundred pounds, or 19.5xX15—$2.93, to 
punch as many holes as are wanted in the web of that beam. 
The card showing these extras and their cost may be had by 
addressing any rolling mill company. The cost varies from 
15 cents to $1.55 per hundred pounds, according to the 
amount of work done. 


Cost of Material 


The following prices taken from “Iron Age,” July, 1913, 
will give an idea of the variation in the cost of steel and iron 
in some of their different forms as used in construction 
work, and also of the change in price due to size or peculiari- 
ties of manufacture. It is advisable for every contractor to 
obtain the card spoken of on page 416, so that he may con- 
fine himself to what are termed base sizes wherever possible. 


Finished Iron and Steel f. o. b. Pittsburgh 


Freight rates from Pittsburgh in carloads, per 100 Ibs.; 
New York, 16c.; Philadelphia, 15c.; Boston, 18c.; Buffalo, 
11c.; Cleveland, 10c.; Cincinnati, 15c.; Indianapolis, 17c.; Chi- 
cago, 18c.; St. Louis, 22%c.; Kansas City, 421%4c.; Omaha, 
42%c.; St. Paul, 32c.; Denver, 8414c.; New Orleans, 30c.; 
Birmingham, Ala., 45c.; Pacific Coast, 80c. on plates, struc- 
tural shapes, and sheets No. 11 and heavier; 85c. on sheets 
Nos. 12 to 16; 95c. on sheets No. 16 and lighter; 65c. on 
wrought pipe and boiler tubes. 


Structural Material. I-beams, 3 to 15 in.; channels, 3 to 
15 in.; angles, 3 to 6 in. on one or both legs, 14 in. thick and 
over, and zees, 3 in. and over, 1.45c. to 1.50c. Hxtras on other 
shapes and sizes are as follows: 
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: Cents per 
Extras 100 Ibs. 
T-besams OVER, LB Ins. os vic wissieis «'s)ale lala iole/<iejalnivlare eae ahinine $0.10 
H-beams sOVeCi 81 S..1 aise se ileisisie else ebeielokels aisha backers ang LD 
Angles over 6 in. on one or both legs.............0+. et! 
Angles, 3 in. on one or both legs, less than 4 in. thick 
as. per steel par card, sepie 1.61909 .c— cement aie -70 
Tees, structural sizes (except elevator, hand rail, car- 
truck. and conductores rail) cep eens eee ecite cis cies .05 
Angles, channels and tees, under 8 in. wide, as per steel 
PArwCard a SeDtay tee 909k cee isiaiciers ie <ters re Be ays io 20 to .80 
Deckabéams ands pulbrangles: peace sie soci eee eR ea 
Frandratl, COG ervey svarcte «hele sc wieresttmaus oheia ecw em cuaret chops Shatoue Sere, sts 
Cutting to lengths, under 3 ft., to 2 ft. incluSive......... .25 
Cutting to lengths, under 2 ft., to 1 ft. inclusive......... 50 
Cuttings to. Jeneths;, unGer gl) Ltaie mace sine oe sialaleresieis 6 es BES 


No charge for cutting to lengths 3 ft. and over. 


Steel Bars. Base, 1.25c. See table of extras for other 
sizes. e 

Iron Bars. Base, 1.385c. See table of extras for other 
sizes. 

Plates. Tank plates, 14 in. thick, 61%4 in. up to 100 in. 
wide, 1.45c. to 1.50c., base, net cash, 30 days. Following are 
stipulations prescribed by manufacturers, with extras: 

Rectangular plates, tank steel or conforming to manu- 
facturers’ standard specifications for structural steel dated 
February 6, 1903, or equivalent, 14 in. and over on thinnest 
edge, 100 in. wide and under, down to but not including 6 in. 
wide, are base. 

Plates up to 72 in. wide, inclusive, ordered 10.2 Ibs. per 
sq. ft., are considered %-in. plates. Plates over 72 in. wide 
must be ordered % in. thick on edge, or not less than 11 lbs. 
per sq. ft., to take base price. Plates over 72 in. wide ordered 
less than 11 Ibs. per sq. ft. down to the weight of 3-16 in. take 
the price of 3-16 in. 

Allowable overweight, whether plates are ordered to gauge 
or weight, to be governed by the standard specifications of 
the Assocation of American Steel Manufacturers. 


Cents per 

Extras 100 Ibs. 
Gauges under % in. to and including 3-16 in............ $0.10 
Gauges under 3-16 in. to and including No. 2..... sais: e/opmash 
Gauges under No. 8 to and including No. 9.......... Siete ARO. 


Gauges under No. 9 to. and including No. 10........... .30 
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Gauges under No. 10 to and including No. 12........... .40 
Sketches (including straight taper plates) 3 ft. and over .10 
Complete circles, 3 ft. in diameter and over............ .20 
Bollereangd sian ZOlSteelaw ec lare cal eicle cies cicinie/cicic eles cie/erelelalersne 10 
“A. B. M. A.” and ordinary firebox steel Mares erohatonte "atekee eke sis .20 
Still bottom steel ....... Re ob ale din los ova Sila eiarere ois: eelstelere les .30 
Marine) Stéel 5. oo. sevecere W akele' ial dale loiialeiciel sts" aieiietel ene ete \leirere .40 
MOcomotlye) LLEDOX VELEEl Wee ccc cies ome sols alte « o's eterno «(ses 50 
Widths over 100 in. up to 110 in., inclusive............ .05 
Widths over 110 in. up to 115 in., inclusive............ 10 
Widths over 115 in. up to 120 in., inclusive............ 15 
Widths over 120 in. up to 125 in., inclusive............ .25 
Widths over 125 in. up to 130 in., inclusive............ 50 
Width SeOVEr Lali 2 inielelcls( stile eisrs ele) se relerstel el erglictrie seis slelaists 1.00 
Cutting to lengths, under 8 ft., to 2 ft. inclusive......... .25 
Cutting to lengths, under 2 ft., to 1 ft. inclusive......... 50 
Cutting to lengths, under 1 ft. ........-.eseeccsesccvecs 1.55 


No charge for cutting rectangular plates to lengths 3 ft. 
and over. 


Sheets. Makers’ prices for mill shipments on sheets of U. 
S. Standard gauge, in carload and larger lots, on which job- 
bers charge the usual advance for small lots from store, are 
as follows, f. o. b. Pittsburgh, terms 30 days net, or 2 per 
cent cash discount in 10 days from date of invoice: 


Blue Annealed Sheets 
Cents per Ib. 


INR na LO ES urate Chica ci cisiace giclee siulc\aioxaie-0's ‘wloretetere\erelslelare:steliateiale 1.70 
INT ORs OM EOE LO neebere cctete ele) ola te: stau a lenc¥av'oies atelelekeled~ ae) ofoxey oxsiefeheseierle 1.75 
IN sored Memsura dc le iaerstc eer s ateiere oes toner sh aifoo) < tous! airote"s) <Ueler asians es-iete (wien 1.80 
Tels 1} fees! WZ) Ae aon nc detocond ocuonocp eu aanoondoddcuemipn 1.85 
INOS DRAT CEU O mere ele cierscicrere ce ciolare eis. = eyeseteiel Eke iolere aus eRe efehere 1.95 
Box Annealed Sheets, Cold-Rolled 
Wake WG) Crvel Gal 26 ANS eds aoa co nanosOO sc oDobcooe 1.90 to 2.00 
IOs, OF Ok cles bo oo Coto aD OF Oe Sep eraicaaic nc oO tO Air3 5 1.90 to 2.00 
INOS ME Su asd Aiea pete ts ciel anetclel a aisuthelsi ster ereletaietekals alah stole} 1.95 to 2.05 
INOS 1 be AIG e UG merscre ecu) ckelel overs! =senctet niehs n/a! aiehoysielehale hein 2.00 to 2.10 
Infor Wel tay Chl sadanavcddcoess sco sbUnoOGoUCDoODSC 2.05 to 2.15 
INES OO GiilGll PE ad onobosddotubombao doco N 0060 onsn 2.10 to 2.20 
IN OSGi 2 ING 2G cls a close. ois cio sieve’ 0llsie + eisisieinn/s si!) «oho 2.15 to 2.25 
ING CHE Bhossnrode Apo CU Cons DUBC Odo On Joa U Coo Goo 2.20 to 2.30 
Ifo. Ot Anaad ocanages oucaDoEodoOU Comoro cconeooonG 2.25 to 2.35 
Tela, WPL! in poo Glo OO BOO DIGI ORIRIOIG. D.OIGICO Or GC CIOTORI 2.30 to 2.40 


Nap SM)  AescddcqudoocedecooomU CUT. GCOS Cm UOO Cor 2.40 to 2.50 
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Galvanized Sheets of Black Sheet Gauge 


Nos. 10 vand2i1l See. Bee Pee ee eee ae 2.35 to 2.50 
IN Os wl Qe Sec eS ie lepers Rise relate ee ioe oc nie eine 2.45 to 2.60 
Nosed: andsl4sth5 fcceescccreeeeeaeee Seer eee 2.45 to 2.60 
Nos 1b and? 1.6n.. hs, Soni ik atelngs et etetehaeieiede te me 2.60 to 2.75 
IN OBS LT st 21S rok Se cere Steere eat as ieee encore 2.75 to 2.90 
INOS 222 amd h24 Pe cscs cticea stots iene tebe fet psovs ne potene cin ate - 2.90 to 3.05 
INOS. 25178 G26, Rracinciate otovoreatobodeusiols oot aoe te ove eta a mite ae 3.05 to 3.20 
Noneo7 — Set. tr SER ee oe oe oe aie sw aiete shee eieete - 3.20.to 3.35 
INO. 28 Peck ake rook thee atc an ete .saee sta is te ais etpmeietots 3.35 to 3.50 
NOS 29.8 ae Sots ese eee eee ee oe wo seetere .-. 3.50 to 3.65 
NO! B02 cRe jack ake SUS eee tombe. -G bis See eine 3.65 to 3.80 


Rivets. Button-head structural rivets, $2.00 per 100 pounds, 
Pittsburgh. 

Cove-head boiler rivets, $2.10 per 100 pounds, Pittsburgh. 

All of the above prices are for large lots of material. If 
small quantities are ordered, an extra charge is made, which 
is added to the base price. A card or list published by the 
mills or issued by jobbers usually gives this additional price 
to be considered. This point is shown under “Quantity Dif- 
ferentials” in the accompanying jobber’s card of extras. 


Standard Steel Classification 
Extras are given in cents per pound. 
Rounps To 755 In.—SqQuarEs To 5 In. 


to 33. Inches me. erm oce ea Base 
5 to Mth inch, seer soe reee eo. -10c. extra 
3g Oya yy INCH ieee coe eseeesan e20G ee 
BS, INCAS eee cen eee : oy 

: MCh..l khan cee Aostek BOUCHE Bas 
et INCH ccs ieee yoke COG 2 Gs5 
¥s Inch eee Sees elccaeais S(en = 
22 INCh seek eects 0ce eS 
yy IDCH.S wisnerat ener whee L00c. 3 
4s Inlay reek aed c 1.50c,  * 
ys inch2..; nse gee sos eee 2.00c 

s ICH SS eee hie ce 2.50c s 
3% to SA inches... pages se ese oe .15c ce 
35% to 4¢— inches.............-.06. OC. ers 
436 to apr inches neers 30c sh 
456 to incheése ss aeheeree rece 20 iE Saas 
5% to 034 inches sn eee oe. ear OOC Ne ieee 
556to Giavinchesmeameeeece ea se (OC ae 
636. to Gis: Inches. seen ees 1 O00cyaaes 
656 to Ty inches ................. 1250 se 


For intermediate sizes, the next higher extra to be 
charged in all cases. 
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Flat Bars and Heavy Bands 


Eo fo)6 sn. to 0" in.s. 72: . Base 
A D5 torG ein cia: a to ayy Gils... bee . .20c extra 
tito jg in. x 3% to % in........ 40c “* 
#4 toifin.x KX to fg in.. ..... SUC mia 
fs; to %in.x %to % in........ COC See 
fs to in. x % to 7, in........ Aor Se 
% in. x % to 73 in........ 00cm 
MB in. x % to x in......-- e20c wees 
K% in. x % to 7 in.. ee. 00CW a. 
1% to 6 in. x 14, to 1; in........ Ais AM 
$4 to 6 wine xe hato 134 Ins ccaccsc Apalrs, G 
1% to 6 in. x 1% to 234 in........ ESOC. 
DO SELOUOMEIT eX 13 Me tOn4 AN. or jester -40cmne: 


For intermediate sizes, the next higher extra to be 
charged in all cases. 
Above extras not applicable on Steel Tires. 


Light Bars and Bands 


1%to6 in. x Nos. 7, 8,9 and #gin. .40c extra 
1% to6 in. x Nos.10,11,12 and Yin. .60c “*‘ 
1 tolj;in.x Nos. 7, 8,9and in. .50c “ 
1 to1,,in. x Nos.10,11,12 andy in. Akio SS 
18 to 4$in. x Nos. 7, 8,9 and jin. .70c vi 
12 to 1£in. x Nos.10,11,12and Yin. .80c a 
44 to 3 in. x Nos. 7, 8, 9 and ¥ in. POO Cwiae 
12 to 3 in. x Nos.10,11,12and %in. 20 Creed 
?; to % in. x Nos. 7, 8, 9and 7s in. 1.20c se 
#; to % in. x Nos.10,11,1l2and % in. 1.30c cs 


¥ in. x Nos. 7, 8, 9 and  in.......- Te SCC ma 
¥% in. x Nos. 10, 11, 12 and % in..... 1 O0Cmae 
a ATI Kay 1 eleratehelole ie eectaias 2 Dore R COCe. c 
% in. x Nos. 7, 8, 9 to 7% in....+.-+.- ie 
3% in. x No. 10 and 4% in. ....-++.eee Opel, OC 


For intermediate sizes, the next higher extra to be charged 
in all cases. 
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Half-Ovals 
et tov4 ina x sy 101s Oe e eee ee ee .50c extra 

236 °x7 56" 1n.s(Special) ue wees eee oe POUCH ce 
Max ig Ales aet So a eee -OUCuE 
S6X gs and 33; 10). .<Bee ee neee ties ste.~ 1. OOC WE 
LEK ep D cc bicdak Soe e eee oe FR pe We Ded se te 
Ts 1D..k"NO; 13sec nes Saeko hee ic80cr es 
We Xue ID atic none: eA Eee oe C 1.30c ‘ 
Tg Repel ak os sig eee Ses dalek tod OC Ems 
Fe Sey TO Ina Sees. A oe 2.506 — $ 

: 

Half-Rounds 

M6 to 2 tie te ee eee .50c extra | 

i aU aicita ocak oe a iti n eee Re Saoatie'e .c0cas* 
be Senate le OT ye ay a OS a ORE sso anit 120063 7 
Be eek Bee as ye, See i ee 1.30c.. * 
FETS bn ieee RRA eee een ee 2.10c * 
Fe inten ces x pce ROE Ce E a2 0G mass 

Bs De Wena sense chee meee eee 2 G0GeES. | 

Ovals | 

3 to UE inches. < .nonsesknec cece. 30c extra , 
6 WnChic. wk RRR ORE qty Ws 
Ye MCh too ckk ev Be OMe Seca. GUC ae 
EE INCH cc a oben cea AREER sak 80c. * 


For intermediate sizes, the next higher extra to be charged 
in all cases. 


Hexagons 
3X to 24 inches... .... dene ak Ree | .30c extra 
ys tod pancho )0) ee eens © oe SOUC! Bae 
oa to fe Inches Seavert tae 0c * 
iis SCH Sook cay cep eee ne ke aSLOC 
Fe INCH 5 ths. Lehke cee ee dC SUC mass 
ae TOGH cscs fe ones See Cer L0G 455 


For intermediate sizes, the next nigher extra to be charged 
in all cases. 
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Channels 


1% inches and wider, but under 3 


inches, x; inch and heavier.... .20c extra 
1% inches and wider, but under 3 
inches; x6 INCH. seveelslel oe eesere peo0e? a4 


1%x1% inches x i inch (special).... .40c ** 
1 to 1% inches x 4 inch and heavier. .30c be 


1 to 1 inches x % inch...... teas ke 4007, £* 
% x % inch and #4........--22-e- ree 00e AY. 
£748 de EAT (e NAMING SC HGANO OD DOOOO CTO NC LOC ae 
BLOX TSG NCH hasieretesste rs sleisleieleiere ole aietet GOCE 
Sx gig inch 05.22. nec eneceongerrcnes 80c ‘ 
$6. X GANG vig pie=incs von enchoe es Taco eUCHE sa 


For intermediate sizes, the next higher extra to be charged 
in all cases. 


Angles 


1% x 1% inches and wider, but under ; 
3 inches, x ; inch and heavier. .20c extra 
1% x 1% inches and wider, but under 


3 inches, x % inch........ FR ON PS 
1 x1to 1% x1 inches x # inch 

and heavier.......... elena ace eoUC wc 
1 x1ltol%x1% inchesx %inch.. .40c “ 
% x %inchx gy inch ..... APE R BAN c 40c °° 
% x %inchx % inch........ TAME See EDUC Meee 
3% x inch x #yinch....-.-.--+-+e PDOGHEs 
3% x inchx %inch.......---++++- -60c ‘* 
3 inches on one or both legs by less 

than % inch thick..... incre aor BLOG ca 


Prices quoted on application for special sizes. 
. For intermediate sizes, the next higher extra to be charged 
in all cases. 
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Tees 


1% x1% inches and wider, but under 
3 inches, x 4% inch and heavier .20c extra 
1% x 1% inches and wider, but under 


3 inches, x # inch.......... n40cae** 
1% x 1¥ inches x & inchand ihedyier 240ceLt! 
1% x 1% inches x ¥; inch....... Sees POUCK EE ce 
i xinch'x-f,anch.ceee see siseee sicily WROUGHT. 
Px'l inch’x 4 inch anavestseos ce sce OCR mee 


Prices quoted on application for special sizes. 
For intermediate sizes, the next higher extra to be charged 
in all cases. 
Quantity Differentials 


All specifications for less than 2,000 Ibs. of a size will be 
subject to the following éxtras, the total weight of a size 
ordered to determine the extra, regardless of length and 
regardless of exact quantity actually shipped. 

Quantities less than 2,000 Ibs., but not less than 


L000 Reis weicrosie si ees Store crease ene cits Crete mire .20¢c extra 
Quantities) lesssthanys, 000s Tbscemeietetetoe ce enieien 0CeE; 


Extras for Cutting to Specified Lengths 


Hot Sawing or Shearing to lengths over 24 in........ 10¢ 


Hot Sawing or Shearing to lengths 12 in. to 24 in, 

INCIUSIVO) ac oes wishes no & sire OR ER Co oe .20¢ 
Machine cutting to lengths over 24 in................ .20¢ 
Machine cutting to lengths 12 in. to 24 in., inclusive.... .40¢ 
For Machine cutting to lengths less than 12 in., extra 


will be furnuished on application, but will not be 
Loss ethan cose sce cote Sotetee es totes eats cee ee eee -60¢e 
Exceptions 


No charge will be made for Hot Sawing or Shearing to 
lengths of 5 ft. and over. 


Shearing or Hot Sawing to lengths under 12 in. will be 
quoted on application. 


Rounds and Squares in extreme lengths will be subject to 
an extra charge. 


Straightening and Centering 
Machine (Stralshtenine cee eee eee ee eee .20¢ 


Extra for Machine Straightening and Centering will be 
furnished .on application. 
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Mill Extras for Rolled Steel Beams and Channels 


- _ EXTRAS. 


Peper 100 Ibs. 


Beams, plain; 15-inch and smaller. ...e.. successes eee eeee. 
Channels, plain, 15-inch and ‘smaller. .........eseees voce f mn 
18-inch, 20-inch, and 24-inch Beams.....:....s+:ee8¢ $0.10 
EXTRAS °FOR WoRK, TO BE ADDED TO BASE PRICE PER + 
. POUND OF BEAMS AND CHANNELS. . : 
1. Plain punching one size hole in web‘only.....++.++e' $0.15 
2.': Plain punching one size hole in one or both flanges... .: Poe 
‘8, Plain punching’ one size hole in either web-and one ewe 
- ‘flange or web and both flanges.......0. 0 seeeeee 225 
4. Plain punching each additional size-hole in either web 
eases _or flanges, web and one flange, or web and both 


Bt pei ee son pn 25 ROOM an Ol CBO GOO GUD e dor I Ot 15 
§. Plain punching one size hole in flange, and another gh 
size hole in web of the same beam or’channel.... 40, 

6.. Punching and assembling into girders../...++ssees +35 

4, Coping, ne, beveling, including cutting.to exact ce 

-*““length, with.or without punching, including the 

Sh: riveting or bolting of standard connection angles. 35 

8. For riveting or bolting shelf angles or cover-plates to | Sra 
.... beams, channels or angles............ slate scsiiets iets -50 

9.- For painting or oiling one coat with ordinary oil or ol! 


- yoink NEO GOT OO DD OO OU UO ODEO OO oso OOD dO Oe .10 
10. Cambering beams and channels and other shapes for. 
: ships or other purposes, bending or other unusual 


: WOLKE eRe er tid cel nin aisle Seles onee Deleon tee |S SDOD eerates)) 
11. For cutting to length with less variation than plus Lees 
rota OY MINUS 36"... -vececceccrersessesvevececrns 15 
12.°. For fittings, whether loose or attached, such as angle 

~ connections, bolts and separators, tie-rods, etc... 1.55 


a ees 
? -Tie-rods in all cases where estimated upon in ‘connection with beams 
or-channels to be classified as fittings. : Ba ee a 
Prices for Small Lots 

The quotations given below are for small lots, as sold 
from stores in New York City by merchants carrying stocks. 

As there are many consumers whose requirements are 
not sufficiently heavy to warrant their placing orders with 
manufacturers for shipment in carload lots from mills, these 
prices are given for their convenience. 

TRON AND STEEL 
Bar Iron and Soft Steel Bars 

Refined iron: Per Ib. 

1 to 1% in., round and BOUAT Come rite iier versa sts) OC 

1% to 4 in. x % tol ATI ee eee ea oisiniels eretaiete ers as0DC 

1% to 4 in. x % to 5/16 in......... BOP omer ale oats aie Oe 
Burden’s H. B. & S.-bar iron, base price.....-+.++.+e- oe lixe: 
Burden’s Best bar iron, base PriC€........seeeeeeeeees . 3.806 
Norway bars BERN RT an rayne a ecicncs gaa OsOUC 
Soft steel: 

3%, to 3 in., round and SAUALC Merete aeletela ls \lersa0OC 

1to6in. x % tol Falcon Site Peete BH CIO UCI CIOL ORICA 

1 to 6 in. x 4% and 5/16 (fall 6 Gud BE OBO DSO DUR OOUD OOS Ake 
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Rods—54) and/A1U/164) vee. ce oe oan ee ofetem a sels ole aves eae 
Bands—1¥% to 6 x 3/16 to No. 8............. Dans eee e2.0NC 
Shapes 
Beams and channels—3 to 15 in............eeeeee slekee ated DG 

Angles: 
3 in, x 24hiny and Margertemesicecis ices nee cetanaeetete 2.15¢ 
Sling x 3/16 inc-andesg Any hi wets. = + m' cle io csstetete tages 2.55¢ 
LID to 2367 in Ax Serine eee tees ore sae shoe Mee oie oe 2.30¢ 
hie to 23.einex 3/1 6lin, andsthiecker sa. icce.cee ek eres 2.20¢ 
SACO gL A © Ine Xo /LOw Mis cemeee pete rec. chore < apecee Rises eee 2.30¢ 
ESCONDIDO 2.35¢ 
Wg Sor AG SAYS axepae asetarsie’ chore Setanalareehoteus,ae acs, He woe satoee siete 2.45¢ 
SEX OG IN Meals cred «5.5 Oe Ree ee oe eee 2.50¢ 
BG LI IN 5 cred tyerasete ue eyteotor ors arciotebe ora box tia ais oe ere 3.70¢ 
Tore Xi. O/ Sa Til eae ce tee, ot Nene helon cis Gott ee oe 4.75¢ 
Tees: 
Pdr tx) VEX TEIN ene so eee ee os eee oes oe 2.60¢ 
dA. in. x, 84 nM xes/1 6 Rinker sees sec. oko ee eee 2.45¢ 
LAG ALOR AG Xx" Ws Lees Se eee cae cok ucle ame 2.25¢ 
USGS tO QA F 3716 ine oa ee ee nine eee et ee eee 2.35¢ 
acin.; and largerscas . dex mrase aoe ee whe kan a ee 2.25¢ 
Tank Plates—Steel 
in and, | HGavier’. tose cme oe aera ne Sve cre cite oe ce siviaepaoG 
B/LG TAD. sales ieloieteda's sicrarcit iserasereetcca oe tice cere cee 2.25¢ 
INOSUS Vie rratts eters stat Sus cioik erste eTR RTOS eh eicyct Sore ince See ree eee 2.45¢ 
Sheets 
Blue Annealed 
INOSFLO so, sts ot os ctniers) aus 6 ate RemreRietnieren rats. © core tel eiceme eee 2.65¢ 
NOSEL2: cadets tea eetuttalere SCC Rie ee oe ie 2.70¢ 
IN OFS 14? idio.e wie sista’ 6 oss cathn Secgeiere MIR hte ic cece ote ee 2.75¢ 
INO: AL Gin ake. sare ysinyste okt Ves o aeane REMIT oT cece eaecre ee 2.85¢ 


Box Annealed—Black 
One pass, C. R. R. G. 


soft steel cleaned 
Per lb. Per lb. | 
NOSA LE TtO 20M: che Cee a eee ee 2.90e Shes 
INOS Zien eiadicccerisrcicsccers ie Scheie she 2.95¢ 3.45¢ 
INDIE 20 Acne. Ss cpcma ee eetes aye nisearens ayérevehoree 3.00¢ 3.55¢ 
INO S320 necsetero caches woiteneet fest co UOC 3.65¢ 
NOE 28. yucsint cee nthe eee Sete ees 3.10¢e 3.75¢ 
NOS 29 raccrcce cetie cee eee By St Se assis Sictee 
Noo 30: se eee a eee eae Pt ee .3.50¢ 


ce heel 
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Galvanized 


ate Per Ib. 
INCH etd OMEEUT CL el eee nif crats (oo, 0 es 19a: cols (ons 6 sPecNe ne vale eisToreterels 3.35¢ 
is(ew dS atk 4S eNO oS non cono Genin boone acon cop ome CoO. 3.45¢ 
Gee Ibs Gh ONLERS {Ce omO MO OO MOOn Oa Oo osdad SosdooucGda, 3.60¢ 
iNet ee Uihivell V7: Dee Se Oncnie Ginga so aac Sra oo cdo orion 3.75¢ 
ING. Sipe = 2 Ss See ame arec cn dns cota Gc.uinidor's 3.90¢ 
Infos AO Soa Race aD Cooper Aeon ydooogsacomames 6 4.05¢ 
INOS Qi ermeeel oe roche eee ofa eis ie) Sova ores Giouelazeaiosevels/e)el esyensiepatene 4.20¢ 
INfi LEU abe e Ayn aes Flee SOs an cotdiasIoS Danlocicigun QRionG 4.60c 


0. 
No. 28, 36 in. wide, 10c higher. 


Corrugated Roofing, Galvanized 
2% in. corrugations, 10c per 100 Ib. over flat sheets. 


Corrugated Roofing, Painted 
21% in. corrugations. 


IN Ciy, CR Alvis a SARCIEG GOD O RO ROR NT nONG: Sas Per 100 sq. ft. .$4.75 
INfey) VERMA AB EAS OOOGOO GOODS BS eedidie ire heraaieteee Per 100 sa. ft.. 3.75 
Nf PAS Sasuisnosuoe A Pe eS Ee GO RO OS Per 100 sq. ft.. 2.85 
INO Settee nid ciate steilelele sie eel oie.s\c1sle/erearete 149 Per 100 sq. ft.. 2.50 


Genuine Iron Sheets 
Galvanized 


INOS 2 MANO Skies > visio cielein c+ 21< > ° aieloieinis oie sieneieloiels Fer lb. 5.75c 
INO21 200 siete leis Far eh AST SCO CIO CISC U ACE OO 7 Per lb. 6.50c 
ISfsp DS we Naess png sAcnoGeaU oO Oppo Ona nT oer ots Per lb. 7.25c 


Where jobbers sell in small lots and cutting is desired, it 
is common to add an extra price for such service. A card 
of extras, issued by Joseph T. Ryerson & Son, of Chicago, 
Iil., is here reproduced (see top of page 428). 

Although attention has been called to the practice of al- 
lowing a variation % inch either way from the ordered 
length in figuring the cut length of a member, it might be 
well to state that the variation may be kept within even 
smaller limits if desired; but the mills charge an extra 
price for so doing, on account of the additional care re- 
quisite in adjusting the machinery and supervising the mill 
processes. In view of the fact that a 34-in. variation from 
ordered length is allowable in the cutting done at the mills, 
it is good practice, when ordering beams which are to abut 
against other members at each end, to make due allowance 
for this possible variation from the measurements specified. 
This precaution is not necessary for beams which are built 
into masonry or brickwork, since in this case there is little 
difficulty in. fitting the beam to its end connections. 
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WAREHOUSE CUTTING EXTRAS 
(Joseph T. Ryerson & Son, Chicago, Ill.) 


3’and ‘2’ to 1’to 6” ta-4”to 2”to 
, Peek de ae 1’ 6” 4" 

Beams and Channels, Aes : 

and OVeLr~ se. cto ctasee ae 00 $0:15 $0.30 $0.85 $1.40 $2.30 
ZebS asec ee seae cevese ca Nem G00) 1 be 50s 1.80) 24740 oe 
Tees 3” and over...-.-¢. .00 15 ,30 .85 1.40 2.30: 
Angles 2x2x, andover. .00 .05 «10 .20 .35 .50 
Plates, rectangular: F wae 

For: length «<ccs.ev<eses 00 05 310 20 -35. 50) 
Splitting plates, Wo-uxtra- - 

Sketch: (ees ce coe eee oe est O nd Os LO TO cece 

Checkered. -.v..scceeqee 230 -30 30 50 Vale wee 
Sheets, -No.,-16° gauge... BAsn cerita ee SR eA 
Sheets, No. 12 gauge,.... .30 530 .380- .50 ... x02 
Sheets, No, 14 gauge./... «35 .35: 335 55 sey one 
Sheets, No., 16 gauge...., .40  .40 40 60 sc ces; 
Splitting ._-‘Stock Sheets, 

No. 10 to No, 16,— 10¢. 


extra. 
Flats, 1 lb. pet ft. and ; 
- over to 1” thick, inch.. :20 .20 .30 50 65 30 
Rounds, 1 1b. per ft. and = : ~ 

over to 2” thick, incL.: .20 .20 .80 .60 .65 .80 
‘Squares, 1 Ib. per' ft: and —~ : =. : &: 

aver to'2” thick; incl.. .20 .20 730 .60 65 86 
Angles, 1 Ib. per "tt. and - : op 

cover to 2x2x%”, incl... .20 .20 .30 .60 .6&  .80 
‘Flats, under 1*Hh, per ft... 225 .25 .40 ° 485 240° 3:30: 
Rounds, under 11tb.,perft. .25. .25 .40) .85 140 2.30 
Squares, under1lb:,perft, .25 .25 40, .85 1.40 2.30 
-Angles, under.1 1b., perft. .25 .25 .40 .85 1,40 2.30 
Flats, over’ 1” iin” thick- : . ee. 

NOSS eles wise ees ee este eho 620-40" 0D ma40 a.o0 
Rounds, over: ar diam.cee 25 25 40 85 1.40 2.30 
Squares, over.2"s..;ceres .25 1.25 .406 .85 1.40 2.80 
Tees, under.3”...-.eeeese 926 25 40 .85 1.40 2.30, 
‘Channels, under.3”.....05 .25 .25 0 40 9.85 1.40 2.30 
Ralls >. 2.20 eecngeevtetee, 26 125. 40 185. 140 2.30 
Billets - rece newt eeiewesties 3 
Bands 242. veeee ee eeseedne 2 ~—Price# on Request-— 
Reinforcing Bars. . cen. © 


Also, if there are likely to be changes made in the plans, 
order material of a length sufficient to meet these changes. 

Be sure to allow a little leeway in the width of plates 
forming the web of built-up girders. It is better to have 
them a half-inch narrower than the distance from back to 
back of angles, than to have to shear off that half-inch. 

Also, allow for a milling cut wherever surfaces or edges 
have to be faced or finished. 

Above all, stick to standard shapes and sizes, and avoid 
specials wherever possible. 


Drafting and Shop Costs 


The drafting cost on I-beams and channel work does not 
exceed 50 cents per ton when a good draftsman is employed 


tl he ae 
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on it. For a general average, $1.00 a ton is about right. 
Building-truss and plate-girder work should not run higher 
than $2.00 to $3.00 per ton, although some runs as high as 
$8.00 a ton. As a general rule, the lighter the work and the 
more difficult, the higher the cost. Some work on a dome 
where the heaviest angles were 3 by 3 by 5/16 in., and where 
much curved work was necessary, ran up as high as $15.00 
a ton. 

The shop cost for cutting, punching, assembling, and rivet- 
ing, runs about as follows: 


Gollum tw OGKo net eek. $14.00 to $20.00 per ton 
Truss, and Girders .......... $12.00 to $25.00 per ton 


According to Mr. M. S. Ketchum, for lots of six members 
ordered at the same time, the costs of fabrication are as 
shown in Table CXXVIII. 


TABLE CXXVIII 

Shop Costs of Steel Columns and Trusses 

(Prices based on orders of six members) 
SOC  OOOOOO—O—n——— 


\. 
MEMBER WEIGHT oF | SHOP.CosT 


Trek or Maser | consists or | MOMBEES | Pants)” 


een 


{ 2 channels and 

aC eee scveereretear fer 600 to 1,000 | to vo 

ert 2 laced channels 
(Coluinin iasissssaiesiesssa ves seiicsdces' 4 angles, laced to told 
| ‘ ; { 2 channels and 
Column.......sesesseoceueerrere sens ) Pee 1 to 16 ; 
é pe anne ls 

naa ingle I-beam 

COlUMND. pro eviereseeeees dees tb eeeeee {sinele angle vo h 
Column.........5 SEE ieessaet 2-0an “ 175 to 5 
See iE fase (oois of wien ae ae) 00 to 2.500 {1% tox 

iveted Roof Truss (ends of mem-| Ordinary form 

berscutoff atright angles). of truss. {1,000 Ips to Lit 
Riveted Roof Truss (ends of mem-] Ordinary form F 

bers cut off at right angles) of truss 1,500 fo tol 
Riveted Roof Truss (ends of mem-] Ordinary form Ee 
' bers cut off at right angles) of truss 2,500 | 10% to 0% 
Riveted Roof Truss (ends of mem-} Ordinary form ; eis Sars 
“bers cut off. at right angles) of truss 3,500'to 7,500 | Stores 
Pin-Connected Trusses ....ssececee|seeeeeseeeeseres seekll ore sees sevese| Add 1-10 to 2-40 
= cent per pound to 


above prices for 
riveted érasses 


t sees 
The cost of shop work alone on plate-girders for floor 


and traveling cranes varies according to the size, detail, and 
number put through the shop at the same time, from 6/10 
cent to 1 3/10 cents per pound. 

The total cost of an eye-bar is made up by adding the 
cost of the metal and the cost of shop work or labor on 


430 RADFORD’S ESTIMATING AND CONTRACTING 


same. This shop work cost varies from 1 2/10 to 1 8/10 
cents per pound for small bars from 214%4x% in. to 3x% in. 
in section and from 16 to 30 ft. long; while large bars or- 
dered in large quantities may be made at a price ranging 
from 5/10 to 8/10 cent per pound. 


Cost of Erection 


Erection expenses are variable, depending upon the class 
of work, and must be figured separately for each case. The 
following costs are taken from data compiled by Mr. Edward 
F. Godfrey, and are thought to be good average values: 

Erection of plain structural work costs $9.00 to $10.00 per 
ton; of framework of office buildings, $10.00 to $12.00 per 
ton; of mill buildings, $11.00 to $15.00 per ton. Complicated 
work of many small parts and light tonnage, such as angles 
and tees for roof tile, may run as high as $28.00 to $30.00 
per ton to erect. Bridge truss work will cost $15.00 to $20.00 
per ton. These figures include furnishing falsework, also the 
painting. 

The driving of field rivets costs from 5 cents to 20 cents 
each, depending upon the accessibility of the rivets and the 
number of times that scaffolds must be moved in a day. A 
riveting gang costs about $8.00 a day. For ordinary work, 12 
cents per rivet is a good average. 

The hire of an engine and derrick is about $30.00 per 
week. That of an engine and concrete mixer is about the 
same. This does not include any men to operate the same. 

The cost of furnishing clips and rivets and putting up 
corrugated iron, is about $2.00 per square of 100 sq. ft. 

Other authorities state that with wages for skilled labor 
at $3.50 and common labor at $2.00 per 9-hour day, the cost of 
erecting the steel work on small mill \or manufacturing 
buildings will be about $10.00 per ton if the trusses are 
riveted and all other connections are bolted. 

The erection of corrugated steel siding varies in cost 
from 75c to $1.00 per square of 100 sq. ft. 

The erecting of heavy steelwork in machine shops and 
similar buildings where all steel is riveted, will cost about 
$9.00 per ton, including the labor of painting but not the 
cost of paint. 

In small buildings where all connections are bolted, the 
erection costs will be about $6.00 per ton. 


Cost of Finishing Work 


Cleaning, Painting, and Galvanizing. Any mud, dirt, or 
rust which may adhere to steel work should be removed by 
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the use of wire brushes, steel scrapers, or sand-blast; and 
in the case of plain, ungalvanized material, two or more 
coats of good paint should be applied. The surface should 
be clean before the application of the first coat, in order that 
the paint may adhere. 


The first coat usually consists of red lead mixed in oil 
in the proportion of about 33 lbs. of dry red lead to a gallon 
of oil. When brushed out by the ordinary workman, one gallon 
will cover about 400 sq. ft. of surface, one coat. Red lead 
paint is best prepared from day to day, and should be used 
only as an under or first coat. 

Before applying the finishing coat, all bolt and rivet- 
heads, together with the edges and corners of structural 
shapes, should be given an extra coat of paint in order suffi- 
ciently to cover those parts which may have received a light 
coat on the first application or been abraded in handling. 
A week later, the finishing coat may be applied. This finish- 
ing coat should consist of pure linseed oil and a finely 
ground, stable, and non-injurious pigment. Graphite in lin- 
seed oil is often used, and gives good results. Often lamp- 
black is mixed with the graphite. Bone black is frequently 
an ingredient. Asphalt paints seem to withstand the action 
of gases successfully, and are used to a considerable extent. 

The painting of structural work costs about $1.00 per ton 
for each coat; while the cost if galvanizing is about $20.00 


per ton. 


Allowance for Profit. This varies with the competition, 
and with the amount of work on hand in the shop. If work 
is plentiful, and men who wish employment are plentiful, the 
profit can be made low. If the shop is running full, and 
men are scarce, the profit can be made large, as it does 
not matter much if the contract is lost; and if it is awarded, 
then some of the other work may be delayed and the con- 
tract worked on. On the other hand, if work is scarce, 
and the men are aJmost out of work in the shop, but pros- 
pects look bright, it would be policy to take the work 
at a very small profit, or at none at all, or even at a 
small loss, in order to keep from laying off good men who 
might leave for other places and thus seriously inconvenience 
the output of the plant when work “picks up.” 

Ordinarily 15 per cent may be added for profit. If con- 
ditions are favorable during the contract, more than this 
may be realized. If adverse conditions occur, even this 
profit may vanish. The same estimator should confine his 
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estimates to as few classes of work as possible, and success 
will be more certain. 

Other Costs. Bolts and spikes are to be counted up, and 
estimated at the current market prices. Freight varies with 
the distance of the structure from the shop. Traveling and 
bidding expenses vary with the distance of the agent from 
the place where the letting of the contract is done, when 
he is notified from the home office; and also with the char- 
acter of the town in which the contract is let. Two days’ 
hotel expenses is a fair amount for the estimate. Haulage 


TABLE CXXIX 
Number of Rivets in 100 Pounds 
(Dimensions given in inches) 


‘ DIAMETER:OF RIVETS 


; | LENGTH 
RIVETS 


15,900 


Eats 


Fat re ee Jem ot 


secon eeleoevenee 


evccceeel- 
s]eeccceccleces 
cerclrccesenelescceedeleccceces 


tle netececlereeseee 


BBA RR RRR RAR RRO _ oto oR AAR, 


weeleesereceleecerece 
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may be estimated at 25 cents per ton-mile—that is, per ton 
hauled one mile. 
RIVETS 

If the weight of the rivets is desired, find the number 
and size of rivets needed from the drawings, and determine 
their weight from table given in the mill books or from 
Table CXXIX. An estimate of 2 per cent for rivets is often 
added to the weight of built-up structural work. 

Size of Rivets.—The following rules may aid in determin- 
ing size of rivets: For plates less than 1%-in. thick, use a 
rivet whose diameter is twice the thickness of plate. For 
plates %-in. and %-in. in thickness, use a rivet whose 
diameter is one and one-half times the thickness of the 
plate, while 1-in. diameter holes should be used for %-in. 
and 1-in. plates. x 

The length of a rivet before clinching is generally given 
as equal to the thickness of the plates, plus 2% times the 
diameter of the rivet. 


goon 


Common Forms of Rivet Heads. 
A—Steeple; B—Round; C—Cone; D—Countersunk. 


The above figure shows the common forms of rivet-heads. 
The measure of countersunk head rivets is over all. All 
other styles are measured from under the head. Boiler rivets 
less than 1 in. long are % cent per pound extra. Tank rivets 
7/16 in. in diameter and less are sold at a list price, and 
subject to discount. 

CONDITIONS AFFECTING COST OF WORK 

Current prices for which similar work is being done in 
localities situated about the same distance from the source 
of supply, afford a sound basis upon which to gauge the 
cost of work. If only a rough approximation is desired, 
it is best to use as a basis the unit-cost of work in place, 
rather than to analyze the elements that go to make up 
the cost, such as material, labor, freight, hauling, profit, etc. 
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The contractor’s profit is an elastic factor, depending upon 
the size of the work, the risk, and many other considera- 
tions. The cost of manufacture is variable. Some shops can 
make heavy work cheaper than others, while others can 
handle light work more economically. 


It is not the purpose here to analyze the cost in shops 
and mills, so much as to give more general data for deter- 
mining the probable cost of ordinary building and bridge 
work, as well as to point out some of the special cases 
where costs are apt to be more or less than the average. 
Average costs will prevail near the railroads and within radii 
of 50 or 100 miles of the commercial centers. Freight rates 
average about 34 cent to 1% cents per ton-mile. Long pieces 
requiring several cars and not weighing enough to load 
them to their normal capacity, will cost more per ton than 
materials that can be shipped in full carloads. Partial car- 
loads are charged at a minimum carload rate—say one-half 
of the capacity of the car. Where more than one car is 
required, one car is charged at this minimum rate, and each 
other car at one-half of this amount, if the actual weight 
of the material shipped is not over that total. 


Extra hazardous work should have something added to 
the estimated cost, to allow for the risk taken by the con- 
tractor. Work that must be finished in a short time should 
have the estimate increased, especially if a penalty attaches 
for failure to complete by a specified time. If the season 
is a poor one for the class of work, still more expense is 
liable to be incurred. Erecting bridges over streams in flood- 
time, for example, may be attended by serious difficulties and 
expensive delays. 

Large contracts, as a rule, cost less per unit than small 
ones. The placing and removing of the contractor’s plant 
on a job often requires considerable time. If the magnitude 
of work does not justify bringing labor-saving machinery 
to the site, the extra labor will make the smaller job more 
expensive. Large orders of materials may be placed at lower 
rates than small ones. 


Where labor is the principal item of cost in any work, 
less certainty can be expected in the estimate of the cost, 
whereas materials that are regularly manufactured should 
vary but little in cost. 

Under average conditions, it is often estimated that struc: 
tural steel will cost from 3 to 5 cents per pound, erected 
and painted. 
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The cost of steel framing, per cubic foot of building, is 

about 2% cents. 
WEIGHT OF STEEL USED IN BUILDING 

The following weights of steelwork are often used in 
estimating steel frame buildings of moderate height. The 
weight of steel per square foot of floor area of building may 
be approximated as follows: 
Hotels and flat buildings without exterior steel frames. 9 lbs. 


SAMORWICNECSPCLION LEAMES aoa ches sccle coe tereierecs cele o ctoie's 14 Ibs. 
Office buildings without exterior steel frames......... 15 lbs. 
SAMS With OXtEMlor i raimiGhivee soc cel cctise caer oe ate es 24 Ibs. 
Warehouses and storage buildings without exterior 

SECO ATAIMIOS ae ate aorecsercvaiereisie tiarere Gem ee oe en oie ee 18 lbs. 
Same-with exterior) frames. 6.500 sca pele feces ccs sis 30 lbs 


In manufacturing plants the approximate weight of steel- 
work estimated on the basis of the number of square feet of 
ground surface covered is as follows: 


Blacksmith shops, paint shops, etc....... OTe eels wlerare tee 10 Ibs. 
FELON OSes ae aetna cveretolele slay stata wieieiete iteiole (re cvetete atoic oisictais © 20 Ibs. 
MT ACHE OM SH OD Se virco uate atetace.s sis ocaveus'e felecs ralivte Ole tenskniecar sie oy s'.aKe 25 Ibs, 

The above values should be used only in approximating 
prices. 


WORKING UNITS FOR STEEL STRUCTURAL DESIGN. 
In calculating necessary sizes for steel members, and fig: 
uring other details of design, the units given in Table CXXX 
will be found of great service. 
TABLE CXXX 
Factors of Safety and Allowance Stress in Steel Structures 
Ultimate strength of medium steel, 60,000 lbs. per sq. in. 


: ; ye fue ALLOWABLE WORKING 
_ CLASS OF WoRK CLASS OF STRESS SAF | STRE 
Buildings............ Head eee Load 4 r 24 000 Ibs. ver sa. in, 
$ * ea 0a e 
EOS or OF jae {Live © Load «..sesse0 {4's {i ee cae 
¢ aye ea OAT sevveevees P , 
Railroad Bridges...1{ tive Load sicsos.: {§ {iodo ss 


IRON CASTINGS 

If cast-iron columns are to be used in construction work, 
use stock sizes wherever possible. In case a special pattern 
has to be made for column, cap, or base, the price of same 
when ready for the building will depend largely on the first 
cost of the pattern itself and upon the number of pieces 
cast. Patterns are costly, and should be estimated on by 
an experienced pattern-maker. The white pine from which 
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they are made will cost about $80.00 per thousand board feet, 


but the labor is a varying quantity. 

If the weight of cast work is desired, same may be 
obtained either by experiment or by calculation. When the 
pattern is available, the weight of a casting may be obtained 
by measuring the amount of water displaced in a tank when 
the varnished pattern is placed just beneath the surface of 
the water, and then multiplying this displacement in cu. in. 
by 26/100 of a pound, the weight of a cu. in. of cast iron. 
An old rule is to multiply the weight of the pattern by 18 to 
obtain the weight of the casting. 

The most accurate rule is to find the actual cubic content 
of the piece to be used, and multiply this volume (in inches) 
by .26. The result will be the weight of the easting in 
pounds. 

In case of a hollow column, find the volume of the col- 
umn figured as solid, and subtract the volume of the hollow 
part. This will leave the actual cubic contents of the metal 
in the hollow column. For brackets, flanges, etc., figure the 
cubic contents, and add to the volume of the shaft itself. 
This sum, multiplied by .26 for each cu. in. of volume, will 
give the weight of column. 

The following prices may serve aS an approximate guide 
where a local price for castings is not easily obtained: 

Cast Iron. Pig iron, $14.00 to $17.00 per long ton, de- 
pending on location. In general building work, 1.75 to 2.25c 
per lb. Castings for footings, manhole covers, and outside 
work, 1.60 to 1.90c per lb. Intricate castings, 3 to 6c per 
lb., depending upon size of the order and shape of pattern. 


TABLE CXXxXI 
Cost of Bridge Steel Work and Floors 


| Cost PER Foor or Span | (PER CENT 
SPAN ‘ TYPE Pate RE arin ety sy 
; : LOOR TIMRER 
| STEEL | system | TOTAL |" pr Me 
BUG Pea ccukenec. Pl. girder.....| $25.00 $ 3.00 

60.; ..{PL girder .....| 30.00 3.0 3.00 0:9 
Biikeacuessinese Pl! girder ...., 39.00 3.00 42.00 0.7 
W0ikseeteocke: Pony lattice ..| ~88.00 6.00 44.00 07 
ie 29.00 10.00 39.00 0.8. 
35.00 10.00 45.00 0.7 
36.00}. 12.00 48.00 0.6 
41.00 12.00 53.00 0.6 
46.00 | 12.00 58.00 0.5 
60. : 3 0.5 
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The floors of railroad bridges (unless constructed with 
buckle-plates or similar material, on which the regular bal- 
last roadbed is carried) are largely of timber, which has 
a relatively short life. In general it may be estimated that 
the wooden portion of such a floor will last about ten years 
in the northern part of the United States, decreasing to 
about six in the Southern States. 

Table CXXXI gives some estimated costs of bridge steel 
work and railroad bridge floors for different spans, for the 
sake of comparison. 


Heating and Ventilating 


HEATING PLANT 


Heat Units. Heat, like electricity, is a form of energy, 
and therefore must be measured by the results it produces. 

A heat unit (B. T. U.) is the quantity of heat required to 
raise the temperature of 1 lb. of water 1 degree. Heat mani- 
fests itself as a form of motion, and motion requires work to 
produce it; therefore the relation between heat and work is 
definite. 

Unit of Work. Work is measured by the results due to its 
performance—for instance, the raising of a given weight a 
given number of feet. One pound weight raised one foot 
high, is one foot-pound. This is the unit of work; and one 
heat unit will raise 778 lbs. weight 1 foot high; therefore the 
mechanical equivalent of heat is 778 foot-pounds; and 33,000 
Ibs. raised 1 foot high in one minute of time—one horse- 
power. 

In estimating the number of heat units required to raise 
the temperature of the air in a building a given number of 
degrees, it is necessary to know the number of cu. ft., or 
number of pounds weight, of air at constant pressure that 
will require to be heated. This result could be easily ar- 
rived at if the specific heat of air were the same as that of 
water; but as it is not, it will be necessary to ascertain the 
ratio between the two. The specific heat of water is taken 
at 1. The specific heat of air is .238; that is, if 1 heat 
unit will raise the temperature of 1 lb. of water 1°, .238 heat 
units will raise the temperature of 1 Ib. of air 1°. The volume, 
in cu. ft., of 1 lb. of air at any temperature can be found by 
the following formula: 

T+R 
VvV——— 
2.71p 
where T—Temperature by thermometer. 
R—Absolute temperature—460°. 
P—Pressure, Barometer at 30 inches. 
V=Volume in cu. ft. 


Example— 
Let T—40°; P—14.7 lbs. Then, 
40+460 
V—————=12.6 cu. ft.—1 lb. wt. of air at 40°. 
2.71 X14.7 
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To raise the temperature of 12.6 cu. ft. of air 1° requires 
..238 heat units; and to raise its temperature 30° (40° to 70°) 
will require 30 times .238—7.14 heat units. 

Although cu. ft. of space is not so important a factor in 
heating calculations as sq. ft. of wall surface, still it is very 
convenient for an approximate estimate of the quantity of 
heat (number of heat units) that will be required to heat a 
building containing a given number of cu. ft. of space. 

Mr. Richey, Supt. U. S. Public Buildings, says: 

“Under ordinary conditions one horse-power will heat ap- 
proximately, in: 

Brick dwellings in blocks, as in cities 15,000 to 20,000 cu. ft. 


EriGke StOres- malls IDLOCK Suieracicie« sale sie ies 10,000 to 15,000 cu. ft. 

Brick dwellings, exposed all sides...... 10,000 to 15,000 cu. ft. 

Brick mills, shops, factories, etc. ...... 7,000 to 10,000 cu. ft. 

Wooden dwellings, exposed........... 7,000 to 10,000 cu. ft. 

Foundries and wooden shops.......... 6,000 to 10,000 cu. ft. 

Exhibition buildings, largely glass..... 4,000 to 15,000 cu. ft.” 
33,000 


To develop one horse-power requires —43 heat units 


778 


per minute, nearly; and knowing this factor, and the cu. Et: 
of space to be heated, the size and capacity of the heating 
plant, whether a hot-air furnace, or a hot-water or steam 
heating system, may be estimated. 

The value of fuel is estimated by the number of heat units 
generated by its combustion. From the formula and example 
already given, the total number of heat units needed to raise 
the temperature of a given number of cu. ft. of air to any 
desired temperature can be easily estimated. 

Specific Heat. Another factor to be considered in calculat- 
ing the heat producing and radiating capacity of any heating 
system, is the specific heat of the materials used in the build- 
ing. The specific heat of any substance is the ratio of the 
number of heat units required to raise the temperature of a 
given weight of that substance 1°, to the number of heat 
units required to raise an equal weight of water 1°. Table 
1 gives the specific heat of ordinary building materials and 
other substances directly connected with heating systems. 


TABLE 1 


Specific Heat of Various Substances 
Substance Specific Heat 


ANTAL OI ee ole che tel ateharaT a eas oles oveyeley oeporetsiesinle ysicheieles ee 1.000 
Air, at constant PresSUre ...---.+soreeeeeeee 2375 
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‘Air; att eonstant, volume “2: sees. sere te 1689 
Cast Haron jain sete oars biepe ies Mi ener eet eaters 1298 
Wrought iron “sen eeoes oe eee eee ere 1138 
Sort. St6eli Sy Res Vee as ic be ae ens eine aievee ec 1165 
Glass 's 23. Gaseincets Se A stee i Oa eee bee crete ontar 1977 
Oakwood ss.) Sa Sa eee a citeele wale cieiers ASY | 
Plasterntere wos Ts ok: « oie Gla eeteen Seeiels «as stale 2 
Ma SOnI yi cits ce pokis «ote te a ietate ete: ete hae lohatetee .2159 
Brickwork’ 1 Qa e one ee OR ois Seige ste tare .1950 
Pine’ wood .....< Kod ck Wel eee ok Oenibe ee .667 
Birch Gwood ek cscs hoe clo bc cease se eae ee 48 
Stonesw generally sabia see e eee so ees yAl 


Although specific heat is not shown by the thermometer, 
still it must be considered in calculating the required capacity 
of a heating plant. Especially does this apply to buildings in 
which the application of the heat is intermittent—that is, 
where heat is used through the day, but during the night the 
rooms are allowed to cool, thus creating a condition daily re- 
quiring the expenditure of an extra amount of heat in re 
warming the walls. Practice and experiment show that a 
heating plant operating under such conditions should have at 
least 30 per cent. more capacity than would be required to 
heat the same building properly provided the temperature of 
all the rooms were maintained continuously at a certain stand- 
ard, say 70° inside, with an outside temperature of zero. 

Exposure, whether on north side (the side of prevailing 
winds) or on south side (only slightly exposed) is another 
feature to be considered in these calculations. To sum up— 
when heat is shut off at night and building allowed to partly 


TABLE 2 
Required Air Changes per Hour in Various Classes of 
Buildings ‘ 
Changes 
Kind of building per Hour 
Residences having loose windows........ Ss He. 5 2 
Churches, except small audience rooms.......... 4 
Small churches and other assembly rooms..... 5 to-.6 
Office building, rooms above grade............... il 
General basement y......jocimeesteacisam cork « tree ete 4 
Heating “planta snd. setae saroniaeee eee cle ee ete aie 10 
Factories having no mechanical ventilation....... 1 


Factory buildings, having large doors from out 
side, opened frequently ...............004 face 
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cool, heat in walls is dissipated, and must be replaced each 
time building is to be heated; whereas, if an even temperature 
is maintained throughout the 24 hours, the loss of heat by 
absorption and dissipation through walls is greatly decreased. 


LOSS OF HEAT FROM BUILDINGS 

This occurs owing to filtration of air through walls; direct 
transmission through walls, doors, and windows; passage of 
air up and out through foul-air flues, ete. Ordinarily the air 
in a room, or rooms will change about once each hour, assum- 
ing all doors and windows to be closed. The American 
Society of Heating & Ventilating Engineers recommend air 
changes per hour for various classes of buildings, as indicated 
in Table 2. 

Loss of heat by filtration through walls and leakage of 
air around doors and windows, depends upon the kind of 
material of which the walls are built, and the character of 
the workmanship; and the determination of this loss is largely 
a matter of judgment. Loss of heat by direct transmission 
through walls, windows, etc., and the passing of the air 
through foul-air flues, is easily determined, and depends upon 
the number of times per hour that the volume of air in the 
room or building is changed; also on whether the building is 
allowed to cool at night, or is kept heated continuously. 

Other factors to be considered in estimating loss of heat 
from a building are the different ways of cooling. There are 
three; (a) by radiation, (b) by conduction, (c) by convection. 

Radiation of heat follows the same laws as the radiation 
of light does. A body of a higher temperature will always 
radiate heat to the body of lower temperature, and the num- 
ber of heat units thus given off will depend upon (a) differ- 
ence in temperature between the two bodies; (b) material 
composing the radiating surface; (c) substance through which 
the heat passes; and (d) sq. ft. of radiating surface. Table 

TABLE :3 
Radiating Power of Various Bodies 

Expressed in heat units given off per sq. ft. per hour for 

a difference of one degree. (Peclet.) 


Substance Heat Units 
AWUENN SHE” Bhocecns COekCO Cor SIO ELG CEP CROMEONGET OE Oo CIB O ace 1.085 
Copper, polished 2.46 ....--0-+e ses csss ee euene .0327 
(SUVS. SRG, gy,a.c.6-b0m Ue o oro AO Oe yt OO HCC .0920 
(UBER) S72. dbo sarc ot OUO Glos OG DOGO EO GOO O cc Ota 595 
Cast iron, rusted .......-. stole. cuaeonuete Soke toepetaek tee ss .648 
Building stone, plaster, wood, brick........... .7358 


Woolen stuffs, any Color ....-..--+-++eeeeeeee 7522 


\ 
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3 shows the radiating power of various substances directly 
or indirectly connected with the heating of buildings. 

Table 3 is useful mainly in calculating required number of 
sq. ft. of radiating surface for properly heating a room or 
building. 

Loss of Heat by Conduction. This will depend upon the 
type of conductor through which the heat passes, the differ- 
ence in temperature between the two sides of the plate or 
wall, and thickness of wall. Table 4 gives the conducting 
power of various building materials, expressed in heat units. 


TABLE 4 
Conducting Power of Various Materials 


Expressed in number of heat units transmitted per sq. ft. 
per hour by a plate 1 in. thick, the surface on the two sides 
of the plate differing in temperature by one degree. (Peclet.) 


Substance Heat Units 
GOpDGTiiaa Wesel ek ecto miele Rietere iain ore. 5/0 wee geteale. 515.0 
TPOMN Gy Fc chee cnn aie chein saetetelialis sie eee s eieisls histetcsalars tt 233 
DG es Seta EONS oR ib Secs SecGen 113.0 
SEONG. re wikce clothes Cia ous ar eter eis timate Oe Rr ere SETS 16.7 
GIBSS ©. vc alee aie diene sc Be ae Chime ele aces ohe. he meee ee 6.6 
Brick: “WOLk ™. hias ccc ec cies Gest oe ek we eine eb nee 5.6 
PISSUCT siete Oe ee ee whales y tinte rae Ch reysinus et are ei tenanere 3.7 
Pine BVO soe ste ee ce CMR eats ence Sic mike ets -76 
Sheep's “wOOl Vacca « sec mic Misiones eee ene ein wu8 


Heat lost by direct passage of air through foul-air flues 
depends upon: (a) height of flue: (b) excess of temperature 
of air in flue above external air: (c) area in sq. ft., or fraction 


| thereof, of flue. 


, 


Table 5 shows the approximate quantity of air in cu. ft. 
per minute that will pass a flue having an area of .5 sq. ft., 
and governed by conditions indicated regarding height and 
temperature. 

Convection Losses. Calculations of losses of heat by con- 
vection are complicated, and space will not permit here an 
elaborate discussion of the subject. These losses are en- 
tirely independent of the kind of material composing the body 
from which heat is lost, but they are affected by the shape 
or form of the surface. 

For instance, the amount of heat lost per sq. ft. by a 
cylindrical surface differs from the amount lost from a spheri- 
cal surface. In the radiator of the ordinary type, the loss of 
heat by contact with fluid currents (as of air)—or convection, 
as it is termed—represents one-half the total amount of heat 


| 
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distributed by the radiator. This is owing to shape of radiator 
columns. The balance of the heat leaving the radiator is dis- 
tributed by radiation. 


Problems in Heat Losses. Table 6 and Problems i and 2 
are presented in order to show loss of heat, or rather waste 
of fuel, that may be charged directly to the practice of allow- 
ing the temperature of a building to drop during the night, 
and then reheating it the next morning. No account is taken 
of the extra quantity of fuel consumed in bringing the tem- 
perature of the heating plant up to normal conditions each 
morning. Table 6 is calculated on the basis of an in- 
- erease of 70° in temperature. If, instead of 70°, the required 
increase is but 25, 35, or 40°, as the case may be, the num- 
ber of heat units required would be lessened in proportion. 

A glance at Table 1 will show the quantity of heat, ex- 
pressed in heat units, or fractions thereof, required to in- 
crease by one degree the temperature of one pound of any 
given material used in the construction of the average build- 
ing. Experiments and investigations prove that the loss of 
heat in the manner previously described—namely, by absorp- 
tion and transmission through walls of buildings, is practically 
the same, regardless of material used in construction. Ma- 
sonry and concrete walls, if solid, will absorb and dispense a 
fixed quantity of heat; while wooden buildings have an air- 
space between inner and outer walls, which is a valuable 
factor in the retention of the heat, owing to the fact that 
air is a poor conductor. Of course, thin walls of any type of 
construction will lose more heat during a given time than 
thick walls will. 

Problems—Assume outside temperature at 0° F.; inside 
temperature to be 70° F.; weather conditions, calm, no wind 
blowing; heat to be maintained continuously. 

(1). Assume a brick building described as follows: Aver- 
age thickness of walls, 1% ft.; total exposure, 4,350 sq. ft.; 
total cu. ft. of brickwork—4,350X1.5—6,525. Allow 120 Ibs. 
weight per cu. ft.; total wt.—6,525x<120—783,000 Ibs. Allow 
for wt. of wood work, inside finish, etc., 42,282 lbs. Allow for 
wt. of plaster, 18,792 Ibs. Air, 64,600 cu. ft., which, at .08 
lb. per cu. ft., weighs 5,168 Ibs. Wt. of glass and other ap- 
purtenances included in wt. of walls. How many units of 
heat will be required to raise temperature of air in this 
building from 0° to 70°? Reference is made to Table 1. 

(2) How many pounds of coal will require to be burned 
in order to produce the above quantity of heat, and effect this 
change in temperature of the building within 3 hours’ time? 
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TABLE 6 


Specimen Calculation of Necessary Heat Units for Warming a 
Brick House 
Weight Specific Heat 


Material (Lbs.) Heatof Units 
BriOhke WaAllS@arn wees akets slate whofe 2 783,000 X.1950 < 70°—10,687,950 
UOC CRW OT tole 2s atta ets ator ot oth ower ens 42,282 X.5 %70°= 1,479,800 
IPIASUCTigs sis eerste iat arte dels es 18,792X.2 X70°— 263,088 
PAT (AN) DU GINE \ixsueeisiste ete) erots ote 5,168>4.23 15961 0°= 85,918 

12,516.756 
Add 15 per cent. for furniture, etc. ............. = 1,877,513 
Total number of heat units required............. —14,394,269 


~ 

The answer to Problem 2 will depend upon kind of coal 
used, and number of heat units contained in each pound wt. 
of same. To facilitate calculations of this kind, Table 7 
is given, showing heating values of various American coals. 

Assume the coal being used in the heating plant, to have 
a heat value of 15,070 heat units per lb. Total number of 
heat units required—14,394,269. Then number of lbs. coal re- 
quired—14,394,269-15,070—955 Ibs. 

This process can be applied to any size, or type of heating 
system, whether the medium for applying the heat be steam, 
hot water, or warm air. 


(3) How many heat units must be developed in order to 
maintain a constant temperature of 70° in a building; outside 
temp.—0°? Air changes per hour—2. 

This problem relates directly to size and capacity of plant. 
Therefore it is necessary to sum up total losses of heat from 
all sources. 

For convenience these losses may be expressed in heat 
units per sq. ft. of surface exposed to heat on one side, and 
cold on the other. Losses due to changes of air at 2-hour 
intervals, will be expressed in heat units per cu. ft. of air, 
taking, first, loss by filtration of air through walls, partly 
opened doors, and other passages, which have a direct bear- 
ing upon the number of times per hour that the air is 
changed. 

There are approximately 13 cu. ft. of air in 1 pound; and 
if .2375 heat unit will raise its temperature 1°, one heat unit 
will heat 13--.2375—54.7, or, in round numbers, 55 cu. ft. of 


pub 1% 
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Using this number as a constant, the number of heat units 
required to heat a given number of cu. ft. of air may be 
found by Formula 1: 


BT ee ie cbieaice meted 1 
55 
Where B. T. U=No. of heat units. 
C—No. of air changes per hour. 
V—=Volume in cu. ft. to be heated. 
D—Degrees difference between temp. of out- 
side air, and air in room. 
55—Cu. ft. of air heated 1° by 1 heat unit. 
Example—Let V—64,600; C=2; D=70°. Then, 
B. T. U—64,600 X 2% 70+55—164,436. 


TABLE 7 : 
Approximate Heating Values of Various American Coals ; 
Heating Value per Lb., } 
Kind of Coal in Heat Units . 
Anthracite— 4 
Northern coal field ..........-..- 13,160 2 
Hast Middle coal field ........:... 13,420 i 
West. Middle coal field ........... 12,840 3 
Southern: coal field .c..c-<aceee ss 13,220 
Semi-Bituminous— i 
Broade Tops Pas. tence 14,820 ’ 
Cambria County, Paw esc ck seein 14,450 
Cumberland, Md ig... scene oe 14,400 
PochantassnV.a:,.1-ecmaciene ene cneictas 15,070 
New Rivers We Valeo es wemnicleiee cen s 15,220 
Bituminous— 
Connellsville., Paswwnieceeieeicer cs ck 14,050 
Pittsburgh Pa ok pwccmreaientis okies 138,410 
Jackson County, Ohio Sas... cs 13,090 
Hocking) Valley, .Ohio wn. s<ce cee cc 12,130 
Scout County. Lenn wes nici 5 13,700 
Bie eMuddy, lll. s-ecemmerieees ss 12,420 
Mt OlVOS UIs dotc ce he reiaeae ts 10,490 
IMISSOUTT Acct nic antes eapemeeterainne eueuiene 12,230 


Loss of Heat due to window surface depends upon the kind 
of window, also the velocity of the wind. For present pur- 
poses, the average velocity of wind may be taken at 12% 
miles per hour, at which rate the loss of heat per sq. ft. of 
single-thick common glass—1.09 B. T. U per degree of differ- 
ence in temperature between outside and inside air. For 
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double windows, the loss would be about half the above 
amount. 

Example—Assume a “single window” surface of 300 sq. ft. 
Temp. difference—70°. What is the loss in heat units per 
hour through this window surface with a wind velocity of 
121% miles per hour? B. T. U.—1.09X300X70=22,890. Total 
loss in 2 hours—22,890 2—45,780 B. T. U. 

Heat for Ventilation. In addition to losses of heat thus 
far listed, a large proportion of heat passes off with the air re- 
quired for ventilation, which finds an outlet through the 
ventilating flues. This loss may be estimated by using For- 
mula 2: 


Bas US 


55 
Where V—Volume of air passing per min., in cu. ft. 
D—Difference in temp. between outside air, and air 
in ventilating flue. 
55—Cu. ft. of air heated 1° by 1 heat unit. 

Reference to Table 5 shows that 271 cu. ft. of air will 
escape per minute through a 6X12-in. flue 50 ft. high, when 
excess of temp. in flue is 50° above outside air. Assume two 
such flues for the building under discussion. Total volume of — 
air escaping in this manner per hour, then, will=271260— 
32,520 cu. ft. This would effect a change of air in'the build- 
ing in a little over 2 hours. Applying Formula 2, we have 
the following values: V=271 cu. ft.; D—50°. Then, 

B. T. U.=271 2X60 X50-+-55=29,564. 

Total loss in 2 hours=29,564 * 2—59,128 heat units. 

Summing up we have: 

Heat loss due to filtration through walls, etc. ..164,436 B.T.U. 


Heat loss through window surface............. (Ayu eet 
Heat loss due to ventilation ...........++.--+- 59,128 “ 
Total heat to be supplied each 2 hours..... 269,344 “ 


Prof. R. C. Carpenter, in “Heating and Ventilation of 
Buildings,” gives the following general formula for finding 
number of heat units required per hour to replace losses. 


h—(.02nC+G+%4W)t, 


where, n—Number of changes per hour; 
C—Volume of room, in cu. ft.; 
G—Area of window surface, in sq. ft.; 
W—Area of exposed wall surface, in sq. ft.; 
t—Difference in temp. outside and inside air. 
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Taking same building, let n=2; C—64,600 cu. ft.; G—300 sq. 
ft.; W—4,350 sq. ft.; and t=70 degrees. Then, 


4,350 
h— (64,600 X.02X2+300+ —z- ) X10=278,040 B. SEs 


These results agree very closely. 

Considerable space has been devoted to an explanation of 
the use of the heat unit (B. T. U.) in calculations for sizes and 
capacities of heating plants, for the reason that by its use 
such calculations may be greatly simplified, and made to 
apply to any and all systems of heating. The heat required 
to heat a given sized building can be measured in heat units; 
likewise the heat units contained in a pound of any particular 
variety of coal can be ascertained. It is then an easy matter 
to make these two important factors balance each other by 
a correctly designed heating plant; one that has the capacity 
to burn the required weight of coal with the proper degree 
of combustion. 


RADIATING SURFACE 


Square feet of radiation required for steam or hot-water 
heating depends upon; (a) number of heat units required to 
produce, and maintain continuously the desired temperature 
in the room or rooms to be heated. (Rules and formula for 
calculating this have already been given.) (b) Kind of 
system employed, for heating. (c) Pressure carried. (d) 
Altitude above sea level. The last is an important factor, as, 
for instance, water at sea level boils at 212° F., while at an 
altitude of 500 ft. the boiling point is 211°; at 1,000 ft., 210°; 
and so on—thus decreasing in the ratio of 1° for each 500 
ft. increase in altitude. At 10,000 ft. above sea level, water 
boils and steam is generated at a temperature of 192° F. 

Since the number of heat units released per hour per sq. 
ft. of radiating surface depends upon the temperature of the 
heating medium within the radiator, it is evident that in- 
crease of altitude calls for either a proportionate increase of 
radiating surface, or a correspondingly higher pressure of 
steam. 

Three kinds of radiation are in use—direct, indirect, and 
direct-indirect. 

The term radiating surface means the number of sq. ft. of 
iron (wrought or cast) directly in contact with the heating 
medium (steam or hot water), assuming the iron to have a 
flat surface. ; 

Tables 8 to 12 show sq. ft. of radiating surface per sec- 
tion in various sizes of cast-iron radiators. The total sq. ft. 
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in any size radiator given in the tables can easily be calcu- 
lated from these tables, which have been supplied by the 
McCrum-Howell Co., of New York. 


TABLE 8 
Single-Column Radiator 
Steam and Water 
Width of section across top 5%, and legs, 5 1/16 in. Width 
at middle, 4% in. 


HEATING SURFACE—SQUARE FEET 
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S ad -~ - sD - -~ “Pe -~ 
&1/ S32 |B35| S85) S3a| S83 al Boe) Soa(BS a 
= | 8e [EP Sle sla cta.s im § i § jig § 
6 | a2 o's 1B)" Os Pees es sO ep Fart Dera | te or 
w |g | 2851 820) a9! 8201 8a9| S491 8a9 
291 Bs | sap] asp) 638] ooh) co 20] aoe | ssn 
2 | WP 1S GA) 52] 6 GA) 6 SR] 5 GA | 5 OM 5 OM 
g A |) epe| soul] cae] dou] one] daNul| ane 
3/4 rae PACA SWE a 8 a Ue: eB Fred, Oe 
Pedieg we} Sep Sey |S. WRN oh Bae Ree | as 
2 5 6 5 4 3 3 3 
3| 7% | 10% 9 1% 5 4y| 4% 
4] 10 4 12 10 8 6% 6 
5 | 121% | 17% 15 12% | 10 Sigua raul 484 
6 | 15 8 12 | 10 9/ 
7 117% | 24% 21 17% 14 1144 | 10% 1044 
8 | 20 28 24 20 16 134% | 12 1 
9 2214 31% | 27 | 22% 18 | 15 134% | 13% 
5 


*Add %-inch for each bushing, to get total length meas- 
urement of radiator. 
Rules for Estimating Radiating Surface 
A simple rule ordinarily applicable to steam or hot-water 
heating systems is called the 2, 20, and 200 rule. This rule, 
when applied to steam heating, allows 1 sq. ft. of radiation 
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TABLE 9 
Two-Column Radiator 
Steam and Water 
Width of section across top and legs, 8 3/16 in.; width at 
middle, 7% in. 


————SSSS=SSSS___S=_==[==={a2==_ 
HEATING SURFACE—SQUARE FEET 


a 3 7 

8 3 a -+ “+ +> | > - 

read ingsayetiel eqs » [ao |ado |cdo | de | de 

Sp s] Mg] BOs] Mg] MO gl PSG] BSs 
| we | #36/ a2 ¢ me Slee Slin& Sle S| mes 
° AD S S$ 2S Be] mkel aot! woe 
2 ROO} 2Po| 240/ 280 ao Po Lo 
Sh Sin Seo} 8sot $59) $50) $50) $39) See 
2} BS | 682/652) 8 5) 8 ot) Sono 5a) eae 
B] go | Sarg] Sg) Reg) SoS RE Sag] Sag 
2/8 [ee"lae"lss"ay [ka |S] 88 
—— ieee : 

2 5 10 8 624 5% 4% + 4 4 

3 157% 1 4529092, 1960 fos 7 6 6 
4] 10 20 16 134% 110% | 9% 8 8 
5 | 12144 | 25 20 | 1625 | 1314 | 113g | 10 10 

6 | 15. 30 24 | 20 16 4. iz 12 

7 {17% 35. 28 | 2316 | 183g | 16% 14 14 

$ | 20, 40 32 2624 | 211g | 183g 16 16 
9 | 22% 45 36 30 24 21 18 18. 
10 | 25 50 40 | 3314 }.262g | 231 20 20 
11 | 27% 55 44 363g | 2934 | 2536 2 22 
12 | 30 60 48 40 32 =| 28 4 24 
13 | 32% 65 52 431g | 342g | 30% 26 26 
14 | 35 70 56 4624 | 3746 | 323¢ 28 28 
15 | 37% 75 60 50 40 35 30 30 
16 | 40 80 64 531g | 4224 1 37K 32 32 | 
17 | 42% 85 68 5636 | 454% | 392¢ 34 34) 
18 } 45 90 72 60 48 42 36 36 


Fe OS A ES a a Mk BN 
*Add 4% inch for each bushing, to get total length measure: 
ment of radiator. 


to each 2 sq. ft. of glass and door surface in a room; 1 sq. 


ft. of radiation for each 20 sq. ft. of “exposed wall surface Ey: 


and 1 sq. ft. of radiation for each 200 cu. ft: of contents or 
air-space, it being understood that the temperature in the 
room is to be maintained at 70° while external temp. is 0°. 
For hot-water heating, add 60 per cent to amount of radiation 
as figured for steam; and when it is necessary to provide 


= 2 a ae 
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TABLE 10 
Three-Column Radiator 
Steam and Water 
Width of section across top and legs, 9% in.; width at 
middle, 9 in. : 


——— 


HEATING SURFACE—SQUARE FEET 


a 
eo 
4“ ‘ 
ad - ow ae = o =~ ie 
Adids 149.133.133.103 ./43.-133. 
we | 22s Rese dame Eee) oes | ce 
3 - af —_ = cS 
a8 FAS nos ape es 8 Hos ys 
> 2POldHS|2a8 RBa?]| 2Ee 2ho| neo 
4u 259 aaZz 4252) 325,2| 242 25°! 2so 
5 (4 3n}es 6 p21 5m) 45m) 45m! 4 sn 
3” Be) Eas 5m gs Hm e2y| Gael eae 
mM: ro% I = eke) 
A} cg ™! eg RO! cook Pal oot st 
19 Relocd [—) Qe 
= a, «| % om | Ac [a RR | ek 


1 11 11 
224% | 1834 | 15 } 13% | 13% | 
2 2341 18 | 16% | 1654 
314% | 2634 | 21 | 19% |. 1934 | 
24. | 22 


 seandeien xs| Number of Sections | 


10. 5 | 374 | 30 | 27% | 2734 
1% 49% | 4134 | 33 | 30% | 3034 | 


*Add % inch for each Bushing to get total length meas- 
urement of Radiator. 


for a wider range of temperature, 114 per cent of radiation 
should be added for each degree below zero. 

“Bxposed wall surface” means the entire oytside surface 
of the room to be heated. 

Square feet of radiation required for each room should 
be calculated separately. 

To demonstrate above rule, take as an example the liv- 
ing room of a certain residence. First, assume window sure 
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TABLE 11 
Four-Column Radiator 
Steam and Water 
Width of section across top and legs, 13 in. Width at 
middle, 12 3/16 in. 


HEATING SURFACE—SQUARE FEET 


z | 8 
= rs * +> » “4 «> > , 
4 5 | jo | do +> ao |.aqo° 
$ | 38 |S32|332| 88 2| 82 2|S3 2/832] 88 3 

@ | SS |e S| Mes AS SoS lme scsi nos 

io; ND not nor nie meES ne nae 2eO 4 
~ | a2 | 8881828) $48| 833/838) a8) 398 

S | Sy |ssa| 382) goa) Goa) gaa] goa] sen 

< fon ASe) AOk) SMH!) AMH! GDH] GAMH|] ANe 

By 8 eB] eB eR) ek] 8 8] ek 

c <e] ine] i=] eo 
a =) ce cote Bo Nw At Ao TY 


— | | | | | 


22%| 81 | 72 | 60 | 48 3114) 31% 
10 | 25| 90 }| 80 | 6636] 5334] 463%] 35 
11 | 2734] 99 | 88 | 7346] 5824] 511%] 3814] 3834 
12. | 30°] 108) 4) 96) SSO" as 64 41) 42°°| 42 
13 | 32%| 117 | 104 | 8634] 6934] 602<| 4534] 45% 
14 | 35° | 126 | 112 | 933¢| 742%] 653%] 49°| 49 
15 | 3714| 135 | 120 | 100° | 80 5214} 5216 
16 0 | 144 | 128 | 10634] 853%] 743%] 56 | 56 
17 | 4234] 153 | 136 | 11314] 9024) 793¢| 59%] 59% 
18 5 | 162 | 144 96 63. 63 ‘ 
49 | 4734] 171 | 152 | 12634] 10134] 8834] 6614! 6614 
20 | 50 | 180 | 160 | 1333¢| 1062g| 93%] 70 | 70 
21 | 52%4| 189 | 168 | 140 | 112°| 98° | 7334] 7336 
22 5 | 198 | 176 | 1463¢| 1173%%| 10234] 77 | 77 
23 | 5734| 207 | 184 | 15344] 12224] 10734| 8034] 801% 
24 | 60 | 216 | 192 | 160° | 1284 112°°| ga°°-| ga” 
25 | 6234) 225 | 200 | 16634] 133%] 11634] 87%| 87% 
26 | 65 | 234 | 208 | 173%] 13824] 121%] 91°°| 91 
27 | 67%4| 243 | 216 | 180° | 144°°| 126°°| 941%! 9416 
28 0 | 252 | 224 | 1863¢] 14914} 130%] 98°°| 98 
29 | 72%| 261 |.232 | 193%] 15435! 135%¢| 10134| 101% 
30 | 75 | 270 | 240 | 200°'| 160° | 140° | 105°-| 105 
31 | 7734| 279 | 248 | 20634] 1651<| 1442<| 10814] 10814 


32 80 288 | 256 | 21338] 170%! 1491! 112 112 


*Add % inch for each Bushing to get total length meas- 
urement of Radiator. 


face to approximate 46 sq. ft. Allowing 1 sq. ft. of radia- 
tion per 2 sq. ft. of glass will require 46 ~ 2 = 23 sq. ft. of 
radiation to balance heat loss due to this source. 

Second, as to exposed wall surface, assume dimensions 
of exposed wall to be 17 ft. along one side, and 15 ft. across 
the end. Ceiling is 10 ft. high. Then, 17+15x10—320 Sq. 
ft. From this, deduct the 46 sa. ft. of glass and door sur- 
face, which will leave 320—46—274 sq. ft. of exposed wall. 
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TABLE 12 
Six-Column Radiator 
Steam and Water 
Width of section, 12%, in. at top; at middle, 12 in.; and 


width across feet, 13 in. 
| me A I ERE 


HEATING SURFACE—SQUARE FEET 


na 
a n 
Sy ae & Sagi ges 
S | ea | de. | a2. | 38. | ds. | de 
ees —ond o= fr, ot =k 4 ot 3 OD 
Z| os | Reg | BOS | Bos | beg | mes 
an 22o neo neko 22S noy 
ee Geo oso oso ao oo 
8 | Bs | $88 | Sed | Sed | asa | 23a 
eo aon an & ah aon aoe 
g eae 1D & col & B = An 2 © HMO 
esol Ma ORS 9 iene [oe eed ee 
2 6 12 10% 9% 
3 9 18 1 14 cL 
4 12 24 214% 18% 16 
5 15 30, 26% 23% 20 
6 18 36 32 24 
7 21 42 37% 32% 28 
8 24 48) 42% 37% 32 
9 27 54 48 42 36 
10 30 60 53} 46% 40 
5B] 33 66 582 51% 44 
12 36 72 64 56 48 
13 39 78 69 60% 52 
14 42 84 7424 6544 56 
15 45 90 80 70 60 
16 48 96 85} 74%. 64 
17 51 102" 90% 794 68 
18 54 108 96 72 
19 57 114 101% 8824 76 
20 60 120 106% 934% 80 
21 63 126 112 84 
22 66 132 117% 102% 88 
23 69 138 122% 107% 92 
24 72 144 128 112 96 
25 75 150 133% 116% 100 
26 78 156 138% 121% 104 
27 81 162 144 126 108 
28 84 168 149% 130% 112 
29 87 174 15424 135% 116 
30 90 180 160 140 120 
31 93 186 165% 14424 124 
32 96 192 170% 149% 128 


*Add ¥% inch for each Bushing to get total length meas- 
urement of Radiator. 


Allowing 1 sq. ft. of radiation for each 20 sq. ft. of exposed 
wall surface, calls for, 274+20—14 sq. ft. of radiation to 
balance loss of heat due to this source. 

Third, as to amount of radiation required for actual heat- 
ing of the room. Dimensions of the room are Ae Noha allay Von 
10 ft., which, multiplied together, show the volume to be 
2,550 cu. ft. Allowing 1 sq. ft. of radiation for each 200 eu. 
ft. of contents, results in 2,550~200—13 sq. ft. of radiation, 
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which is the amount actually required to heat the cubic con- 
tents of this room. 

This gives a total of 23+14+138—50 sq. ft. of radiation 
necessary to heat the room to 70° with steam at 2 lbs. pres- 
sure in zero weather. 

Adding 60 per cent to 50 sq. ft. will give 80 sq. ft. as 
the amount of radiation required in case hot water, instead 
of steam, is used as the heating medium. 

In making this estimate of radiation required for the living 
room, all fractions have been counted as 1 sq. ft., and the 
same plan may safely be followed in calculations for other 
rooms. | ° 

Table 13 serves to illustrate a practical method of esti- 

' mating the total number of sq. ft. of radiation required for a 
2-story residence building. The radiating surface required 
for each room is estimated separately. This table is eal- 


TABLE 13 


Schedule of Radiation 
FIRST FLOOR 


F 
Sq. Ft. Sq. Ft. of | Per Cent a CAS 
Sq. Ft. | of Wall | Contents} Radia- | Added tion, 
ROOMS Glass (Except | (Cu. Ft.)| tion, for Hot Hot- 
Glass) Steam | Water Water 
Heating 
Vestibulen. cco | ek 39 180 13 50 20 
Reception Hall........} 33 221 2975 43 60 68 
Living room...) scan 46 274 2550 50 60 80 
Dining-roomis wecsee 40 100 2560 38 60 61 
PAbrarysscee a ceemete| os 122 1490 32 60 51 
Kitchen. ... POR AORN Stuer: 28 192 1560 32 50 48 
Toilet room. .......... 8 52 270 8 50 12 
Pantry, cana oe 14 116 400 15 50 23 


SECOND FLOOR 


Family room..........| 35 190 1350 35 60 56 
Family bedroom.......| 33 66 1098 25 50 38 
Alcove sr reine, tae eek lids 120 504 17 50 26 
Guestiroom. 7.9.5). 4) 25 128 1521 at 50 Al 
Chamber . ee eds 125 1350 22, 50 33 
Servants’ room........ 18 153, 810 22 55 34 
Hall. . Pais Lee eee 147 945 24 50 36 
Bathroom. . 7 a a 8 46 486 10 70 1 


Totals in Sq. Ft........ 413 
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culated on the basis of the 2, 20, and 200 rule. The dimen- 
sions of the different rooms are not given, as these factors 
are easily obtained by measuring the rooms. The table is 
given as a guide to be followed by the estimator in cal- 
culating the heating surface necessary in éach room. The 
“range of temperature” is assumed to be 70°—that is, in- 
terior air to be 70°, with an outside temperature of zero. 
The figures given are adapted to the use of any standard 
make of cast-iron radiator. 

Another rule, which may ‘be termed a “rule of thumb,” 
giving an approximate estimate of the sq. ft. of radiation 
required for heating various types of buildings, is condensed 
in Table 14. The numbers given represent the cu. ft. of 
air in the room or building that 1 sq. ft. of radiation will 
heat. These numbers are to be used as constants for divid- 
ing the cubic contents of the room, the quotient showing the 
sq. ft. of radiation required. 


TABLE 14 


Approximate Heating Capacity of 1 Sq. Ft. of Radiation 
Cu. Ft. 
Living room, with large glass exposures (2 or 3 
WING OWS) ieetad siedotelere aicicre s svoteoreieie cis oteiststereters te ecepe estas 40 
BAL herOOmMe Inger Salmon CONdIMONSiiuisclstersiccicislen eject « 40 
Living room with large glass surface (1 or 2 exposures) 50 
Living room with fair amount of glass (1 exposure).. 60 
STSCI SaeLOOIMIS Me ter ave, sre ccckaie orvokovade te, alse shes weeew ny Weigh oes alee 55 to 70 
EVAL pyre tire severe yevegs eiavaterera) o s).012 ve tere oy gnaaGis ella oleuedetalp. suega' ovsie, erst 50 to 70 
SCHOOLOOMS Fasten te dee Nais siclacnel ene a. custalolate aheatele'eipie’s + 60 to 80 
Churches and public Assembly Halls................. 65 to 100 
MACTOLICSHANGSSUODS tens atc tls) sisters ola ate aietero aie lereleas.s erates 75 to 150 
Example—Living room with large glass surface (1 or 2 
exposures.) Contents in cu. ft. = 2,550. Sq. ft. of radiation 


required — 2,550 + 50 — 51 sq. ft. 

This result is practically the same as that shown in Table 
13, where 50 sq. ft. is given as the amount of radiation re- 
quired for the same room. 

These rules are given for direct steam radiation, steam at 
2 lbs. gauge pressure, which is the usual rating; and differ- 
ence between temperatures of steam in radiators and air in 
rooms ranging from 140° to 150°. ‘ 

For indirect radiation, add 25 per cent, and for direct- 
indirect, add 50 per cent, to sq. ft. of radiation. If hot water 
is used as the heating medium, add 3314 per cent to sq. ft. 
of radiation required for direct steam. 


\ 
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Baldwin’s rule for estimating the radiating surface re- 
quired is adapted to the various conditions of pressure and 
temperature encountered in steam, or hot-water heating. This 
rule is as follows: 

Divide the difference between the temperature at which 
the room is to be kept and the coldest outside temperature, 
by the difference between the temperature of the steam in 
the radiator and that at which the air in the room is to be 
kept. The quotient will be the sq. ft. of radiating surface 
to be allowed for each sq. ft. of equivalent glass surface. 

By “equivalent glass surface’ is meant the wall surface 
divided by 4, plus the glass surface. 

In using these various rules, certain factors called factors 
for exposure are to be used. For instance, 20 to 30 per cent 
should be added when the room or building has a north or 


TABLE 15 


Properties of Steam for Heating 


Radiation based upon capacity of direct-acting 3-column 
cast-iron radiator. Pressures and temperature shown are 
calculated for altitudes not higher than 500 feet above sea 
level. 


Degrees Differ- 
Heat Units ence between 
Gauge Pres- Temp. of Temp. of Transmitted Temp. of Radi- 
sure at Steam in Steam in per Sq. Ft. of ator and Temp. 
Boiler (Lbs. Boiler (De- Radiator Radiation per of Air in 
per Sq. In.) grees F.) (Degrees F.) Hour Room 
0 212 201 216 131 
1 215 204 218 134 
2 219 - 208 220 138 
3 222 210 224 140 
4 224 212 227 142 
5 227 : 215 232 145 
6 229 220 239 150 
¥( 234 223 244 153 
8 235 224 246 154 
9 237 226 247 156 
10 240 228 251 158 
ad 242 230 253 : 160 
12 244. 232 | 255 162 
15 249 239 270 169 
20 259 247 295 abrdry 
25 267 258 810 188 


30 275 266 333 196 


ee 
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northwestern exposure, and the winds are severe. For a 
building heated only in the day time, and permitted to cool 
at night, add 20 per cent; for a building heated only occa- 
sionally—as, for instance, a church or assembly hall—add 40 
to 50 per cent. 


Pressures and Temperatures 


In all calculations for size and capacity of a steam heat- 
ing system, the pressure under which the system is to be 
operated must be taken into account if accurate results are 
desired. 

Table 15 shows pressures and temperatures of steam at 
various stages from 0 up to 30 lbs. The same table shows 
number of heat units transmitted per hour per sq. ft. of 
radiation, at the varjous temperatures. 

Temperature of air in room is assumed to be 70°. No 
reference to outside temperature. 

The use of Table 15 for estimating required sq. ft. of 
radiation necessitates the use of the heat unit. Such cal- 
culations will give more accurate results, and are also better 
adapted to all conditions of pressure and temperature. 

Knowing the total loss in heat units per hour from the 
building, the sq. ft. of radiation required to balance this 
loss may be easily calculated for any of the pressures given 
in the table, by the following rule (assuming radiation to 
be direct): 


Divide total loss in heat units per hour from the build- 
ing, by the number of heat units transmitted per hour per 
sq. ft. of radiating surface at the difference in temperature be- 
tween air in building and steam in radiators. As an example, 
take the building previously referred to, in which total heat 
loss from all sources in 2 hours’ time was found to be 

269,344 


269,344 B. T. U. One-half of this number, = 134,672, 
2 

the number of heat units lost per hour, which must be sup- 

plied direct from the radiators. 

Assuming gauge pressure at boiler to be 2 lbs., how many 
sq. ft. of radiation will be required to balance this loss? Ref- 
erence to Table 15 shows that with boiler pressure at 2 
Ibs. gauge; and a difference of 138° between temperature 
of air in room and of steam in radiator, there will be 220 
heat units transmitted per hour per sq. ft. of radiating sur- 
face. Therefore, total heating surface required will be: 


e 
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134,672 
= 613 sq. ft. 


220 


Estimated by the 2, 20, and 200 rule, the amount of radia- 
tion required is 78 sq. ft. more, as shown by’ the following 
calculation: 


Assume, glass and door surface — 300 sa. ft. 
exposed wall surface — 4,350 sq. ft. 
cubic contents’ —64,600 cu. ft. 


Then radiation required will be as follows: 


300 
For glass and door surface = — 150 sq. ft. 
2 . 
4,350 
For exposed wall surface = — 218 sq. ft. 
20 
TABLE 16 


Length of Pipe Giving One Square Foot of Radiating Surface 


—— 
a 


Length Size of Length 
per sq. ft. Pipe per sq. ft. 
36 inches 34 inch 12 inches 
28 inches 4 inch 11 inches 
24 inches 416 inch 10 inches 
20 inches 5 inch 9 inches 
16 inches 6 inch 8 inches 
13 inches 8 inch 6 inches 
TABLE 17 


Expansion of Wrought-lIron Pipe 


when. 


o 
a) 2. 
Ms tee! LENGTH WHEN HEATED To THE 
g Re INDICATED BELOW. jp eMEEE AT URED 
ES ox 
a o; re 
a2 be 215° 265° 297° 338° 
d2 22/52] 1602 | 180° | 200° | agp, | 2 
ae oe 5 Lbs. | 50 L i 
lH Oh} B Steam. | Steam. rig Sea 


| | 
| 
—_————S| —_____ 


Fahr.|Ft}) Ft. In. | Ft In, | Ft. In | Ft In. | Ft. In. | Ft. In. | Ft. In. 
iro(0*) 100}}100-4-1. 28]100-+-1.4411 1,60/100-+1.72|/100+-2.19}11 2.31]1 

100} {1 1.02/100+-1.18 Bee 34/100+1.47|100-+-1.78 ned Ey 12 nocd: i 
4 10 100 77 saw 98 100+1. 09 0 2100-1. 61 100-1. 87/100+-2.1 
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64,600 
For cubic contents = —— = 323 sq. ft. 
200 
Dee peace Fae Sie Ch S| ee 
Total radiation required SUPE ae 
TABLE 18. 


Square Feet of Radiating Surface of Pipe per Linear Foot. 
On all lengths over 1 ft., fractions less than tenths are added to, or dropped. | 


SIZE OF PIPE 


Length of Pipe © | J——— | ——___| —_____;______ 

(in feet) 34 in. 1 in. 14% in. | 1% in. 2 in. 214 in. 
.275 . 346 .434 .494 -622 . 753 
5 oe 9 72 1.2 1.5 
8 i 1.3 1.5 1.9 2.3 
ee 1.4 : Wy 6 2. 2.5 3. 
A i Way 2.2 2.4 3.1 3.8 
0 2.1 2.6 2.9 3.7 4.5 
9 2.4 3. 3.4 4.4 6.3 
4 2.8 3.5 3.9 5. 6. 
.5 3.1 3.9 4.4 5.6 6.8 
Arf 3.5 4.3 4.9 6.2 7.5 
2 3.8 .4.8 5.4 6.8 8.3 
3 4.1 5.2 5.9 Gen) 9, 
als 4.5 5.6 6.4 8.1 9.8 
8 4.8 6.1 6.9 8.7 10.5 
ok 5.2 6.5 7.4 9.3 11.3 
4 5.5 6.9 7.9 10. 12. 
ad 5.9 7.4 8.4 10.6 12.3 
: 6.2 7.8 8.9 11.2 13.5 
2 6.6 8.3 9.4 11.8 14.3 
5 6.9 8.7 9.9 12.5 15. 
8 7.3 9.1 10.4 13. 15.8 
5 7.6 9.6 10.9 13.7 16.5 
.3 8. 10. 11.3 14.3 17.3 
6 8.3 10.4 11.9 14.9 18. 
9 8.6 10.9 12.3 15.6 18.8 
ok 9. 11.3 12.8 - 16.2 19.5 
4 9.4 TE 13.3 16.8 20.3 
7 9.7 12.2 13.8 17.4 be 
5 10. 12.6 14.3 18. 21.8 
A 10.4 in 14.8 18.7 22.5 
58 DOit 13.5 15.3 19.3 23.3 
8 bm Ee 13.9 15.8 19.9 24.1 
all 11.4 14.3 16.8 20.5 24.8 
A 11.7 14.7 16.8 21.2 25.6 
6 12.1 15.2 17.3 21.8 26.3 
9 12.5 15.6 17.8 22.4 27. 
2 12.8 16.1 18.3 23. 27.8 
6 13.2 16.5 18.8 23.7 28.5 
ay 13.5 16.9 19.3 24.3 29.3 
i 13.8 17.4 19.8 24.9 30.1 
3 14.2 17.8 20.3 25.5 30.8 
.5 14.5 18.2 20.8 26.1 31.6 
8 14.9 18.7 21.3 26.8 32.3 
1 15.2 19.1 21.8 27.4 33,1 
4 15.6 19.5 22.2 28. 33.8 
oth 15.9 20. 22.7 28.6 34.6 
9 16.3 20.4 23.2 29.2 35.3 
.2 16.6 20.8 23.7 29.9 36.1 
a) fis 21.3 24.2 30.5 36.8 
.8 17.3 21.7 24.7 Slew 37.6 
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TABLE 18—(Concluded) 
ee 


SIZE OF PIPE 


LOSSY Nua A oye a | | See SS 

Ga Fest) ¥ 3 in. 4 in. 5 in. 6 in. 7 in. 8 in. 
-916 4.175 1.455 1.739 1.996 2.252 
8 2.4 2.9 3.5 4. 4.5 
BY 6 3.5 4.4 5.2 6. 6.8 
6 4.7 5.8 ve te 9. 
6 5.8 7.3 7.7 10. 113 
5 fe: 8.7 10.5 12. 13.5 
4 8.2 10.2 12.1 14, 15.8 
.3 9.4 11.6 13.9 16. 18. 
.2 10.6 13.1 15.7 18. 20.3 
Pe f 11.8 14.6 it 20. 22.6 
S 12.9 16. x | 22. 24.9 
3 14.1 17.4 20.9 24, 27.1 
9 15.3 18.9 22:6 26. 29.4 
8 16.5 20.3 24.3 28. 31.6 
-7 17.6 21.8 26.1 30. 33.9 
.6 18.8 23.2 27.8 32. 36.1 
5 20. 24.7 29.5 34. 38.4 
5 21.2 26.2 31.3 36. 40.6 
4 22.3 27.6 33.1 38. 42.9 
ao 23.5 29.1 34.8 40. 45.2 
2 24.7. 30.5 36.5 42. 47.4 
2 25.9 32. 38.3 44, 49.7 
my 27° 33.5 40. 46. 52. 
: 28.2 34.9 41.7 48. 54.2 
9 29.3 36.4 43.5 50. 56.4 
8 30.5 37.8 45.2 52. 58.6 
ti 31.7 39.3 ° 47. 54. 61. 
.6 32.9 40.7 48.7 56. 63.2 
6 34.1 42.2 50.4 58. 65.5 
5 35.3 43.6 §2.1 60. 67.7 
4 36.4 45.1 53.9 62. 70. 
3 37.6 46.5 55.6 64. 72.2 
.2 38.8 48. 57.4 66. 74.4 
| 40. 49.5 59.1 68. 76.7 
: 41.1 50.9 60.8 70. 79. 
. 42.3 52.4 62.6 12% 81.3 
9 43.5 53.8 64.3 74. 83.5 
8 44.6 55.2 66. 76. 85.8 
Be 45.8 56.7 67.8 78. 88. 
.6 47. 58.2 69.5 80. 90.2 
.6 48.2 59.6 41.3 82. 92.5 
.5 49.4 61.1 73. 84. 94.8 
4 50.6 62.5 74.8 86. 97. 
3 51.7 64. 76.5 88. 99.3 
.2 52.9 65.5 78.2 90. 101.6 
.2 54. 67. 80. 92. 103.8 
: 55.2 68.4 81.7 94, 106. 
9 56.4 69.8 83.5 96. 108.4 
8 57.6 71.2 85.1 98. 110.5 
8 58.7 42.7 87. 100. 112.8 


The difference between the two results is only 691—613— 
78 sq. ft., proving that the 2, 20, and 200 rule is a safe one 
to follow. 


PIPE AND FITTINGS 


Table 16 shows length of pipe of different sizes required 
to furnish 1 sq, ft. of radiating surface. 


—_——  — 
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The data given in Table 18 are useful chiefly in the 
designing of pipe coils for heating factories and similar 
buildings. .As an example, assume a space in one corner 
of a factory building which requires to be heated by a 
5-pipe corner coil, one branch of which is to be 10 ft. and 
the other branch 15 ft. long.. THe dimensions of the space 
to be heated are about as follows: Width, 16 ft.; length, 
25 ft.; height, 16 ft. 

Cubic contents of space to be heated will be 1625x16— 
6,400 cu. ft. What size of pipe should be used in building 
the coil? 

Since the number and length of pipes in each branch of 
the. coil are restricted to certain figures, first find total length 
of pipe to be used, size of pipe to be 11%4-in. 

1 branch, 5 pipes 10 ft. long — 50 ft. 
1 branch, 5 pipes 15 ft. long — 75 ft. 


Total ==) 125) ft: 


TABLE 19 


Size of Main for Single-Pipe Steam Heating—Direct Radiation 


For Indirect Radiation the mains should be 11% times larger than for 
direct radiation. 


Length of Main, in Feet 


Sq. Ft. |_$_ $$ 
of 20 | 40 | 80 | 100 | 200 | 300 | Return 
Radia _AAR@ A$ 
ation Size of Pipe, in Inches 
dO | i 1 1% | 14% | 1% | 1% 
200 | 1 14% | 1% | 1% | 2 2 
300 | 14 | 1% | 2 2 2 214 bese 
400 | 1144 | 2 2 2 244 | 24% | 8 
500 | 14% | 2 24% | 24 | 24 | 8 ° 
600 | 2 2 2144 | 2% | 3 3 é 
700 | 2 2 244 | 24.| 3 3 a 
800 | 2 2% | 2% | 3 344 | 34% | EB 
1000 | 244 | 214% | 38 3 34 | 4 @ A 
1200 | 24% | 2% 34 | 4 aE 
1400 | 2144 | 3 34 | 344 | 4 444 | oa 
1600 | 3 3 3144 | 3% | 4 44 | & 
1800 | 3 3 34 | 4 44 | 5 d 
2000 | 3 34% | 4 4 414 5 
2500 | 344 | 4 Ai We 54 | 8 
3000 | 3% | 4 44% | 5 54% | 6 
3500 | 4 444 | 5 54 | 6 7 
4000 | 4 444 | 5 54 | 6 ib 
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Reference to Table 18 shows that in 10 ft. of 1%-in. 
pipe there are 4.9 sq. ft. of radiating surface; then radiating 
surface in 10-ft. branch = 4.9 X 5 — 24.5 sq. ft. 

Sa. ft. of surface in 15 ft. of 1%4-in. pipe = 7.4; then 
radiating surface in 15 ft. branch = 7.4 X 5 = 387 sq. ft. 

Total radiating surface in two branches = 24.5 + 37 = 
61.5 sq. ft. 

By referring to Table 14, it will be seen that for heating 
factories and shops 1 sq. ft. of radiation is allowed for each 
75 to 150 cu. ft. of space to be heated. As there are 6,400 
cu. ft. of space to be heated, and 61.5 sq. ft. of radiating 
surface, the number of cu. ft. per sq. ft. of radiation 

6,400 
— —— — 104, which is a good average. 

61.5 


Direct Hot-Water Radiation for Zero Weather. Table 20 
shows number of cu. ft. of space heated by 1 sq. ft. of direct 
radiation. 

Low-Pressure Steam Heating 

There are two systems of low pressure steam heating in 
common use—the one-pipe and the two-pipe systems. 

Heating Greenhouses. The glass exposure is practically 
the sole cause of heat loss. Assume a greenhouse 100 ft. 
long by 20 ft. wide; it will contain about 2,600 sq. ft. of 
glass. To heat this greenhouse toatemperature of 50° to 60° 

2,600 
will require 1 sq. ft. of radiation to 3 sq. ft. of glass, or 


3 
TABLE 20 


Hot-Water Heating—Direct Radiation 
Cu. Ft. of Space 


RESIDENCE BUILDINGS Heated by 1 Sq. Ft. 

of Direct Radiation 
Living rooms, one side exposed. ............+..+. 25 to 30 
Living rooms, two sides exposed................ 25 to 27 
Living rooms, three sides exposed .............. 20 to 25 
Slepping “rooms acme chee eR ee ee 30 to 35 
Faliks anda bathroonys scence mie sto oe eee 20 to 30 
Vestibule: ps en 8 een Soest eee ee eee ae 35 to 40 
PUBLIC BUILDINGS a 
Oflicesh icc cs sciees Sia alte che Rantetig cies ere hie Sire ae Roe 30 to 40 
Schoolrqoms cod chess MO oe oe ee ee eee 30 to 40 
Factories and (storesianiee dee ote ee eee eee 40 to 60 


\___os ee 
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= 866 sq. ft. of radiating surface. This will require 866 
linear, feet of 4-in. pipe, or 946 ft. of 3-in. pipe, or 1,060 ft. 
of 2%%-in. pipe, or 1,485 ft. of 2-in. pipe, or 1,730 ft. of 114-in. 
pipe. These figures are obtained from Table 22, which gives 
the factors for ascertaining amount of surface needed with 
any size pipe from 11-in. to 4-in. 


TABLE 21 
Indirect Hot-Water Heating Data 
Ft. of Heating Area of Cold- Area of Hot- Size of 
Surface Air Supply Air Flue Register 
(Water) (Sq. In.) (Sq. In.) (In.) 
26 36 48 8x12 
52 54 72 9x12 
78 2 96 10x12 
104 90 120 12x15 
130 108 144 12x19 
156 126 168 14x22 
182 144 192 14x24 
208 162 216 16x20 
234 180 240 16x24 
260 198 264 20x20 
286 216 288 20x24 
312 234 312 20x24 
TABLE 22 


Heating of Greenhouses 
Temp. of Temp. of 


For Zero Weather House House 
50° to 60° 60° to 70° 

Sa. ft. of glass heated by 1 sq. ft. of surface. .3 2.25 
Sq. ft. of glass heated by 1 linear ft. of 4-in. 

Gee! Jo qAGe ee eahooe DOH Anne mtor. dice arc 3 2.25 
Sq. ft. of glass heated by 1 linear ft. of 3-in. 

HPS) Andie Bing AeIS 5c CIDIO GCs OOOOH BIIOC ORC or a 2.75 2.10 
Sq. ft. of glass heated by 1 linear ft. of 

RY SSt ahs: sande daudos doco oduosoues ae ecooC 2.25 1.80 
Sq. ft. of glass heated by 1 linear ft. of 2-in. 

PUDOMNS Pelee cies etka cle act olele ds eine) s)e\ls > 010 eleyersihers 1.75 1.34 
Sq. ft. of glass heated by 1 linear ft. of 

LLG ANDI Dips «aie ceistesinistes ccsi> 010) s'elin oless/ole ticle 1.50 1.20 


In measuring glass surface, take actual glass, and its 
equivalent in outside wall or exposed surface. 

For heating ordinary greenhouses, 2-in. wrought-iron pipe 
will give the most satisfactory results. For heating green- 
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: TABLE 23 a 


Size of Mains to be Used for Different Distances from the Boiler— 
Hot Water Heating - 


rt ‘ . 60 
Ra jigtion | Healér ret Feet Feet . 
4 Hae ; : 
Fig oe Met ae eo | 1u 14 ; 
The PoUe 1 as ted 1% 1% 
100 1% 1% 1% 1% 2 : 
W504i Ni ied ee Be 2 2 2 
200 2 2 2% | 2% | 2% 2% 
300 | 2% | 2% | 2% | 2%] 2% 3 { 
4005.1 2, [oR es ed s 3 3 . 
500 | 8 3 3 awe fs 3% 
600 | 3 3 3% | 8% 1 38% 4 
700 | 3% | 3% | 3% | 3% | 4 4 4 
800 3% 3% 4 4 A 4 4% 4% : 
900 .; 3%.} 4 4 i 4 4% 4% 4% 
100: 4 4 4 4% 4% 4% 4% 4% 
1 4 4 4% | 4% | 5 5 5 5 
1500 | 4% | 4% | 5 5 5 6 6 6 
2000 5 6 6 6 6 6 7 rh 
2500 6 6 6 6 7 7 7 7 
38000 6- 6 ey, 7 7 7 8 8 
3500 6 7 ys 7 8 8 8 8 
4000 6 tf 7 8 8 8 8 9 
5000 7 8 8 8 9 9 10 10 


The above table will be a guide to the fitter in proportioning mains 
and branches for hot water. 


houses having less than 2,000 sq. ft. of glass, hot water is 
recommended. For large greenhouses, steam is best. 

The same general plan of piping may be used for steam as 
for hot water, except that, for steam, one-third less surface 
will be sufficient to produce the desired heat. 

Table XXV is a comparison of the one pipe, and two pipe 
systems of steam “heating. 


TABLE 24 
Pressure of Water in Pounds Due to Height in Feet 


Feet Pressure Feet Pressure Feet Pressure 
Head |per Sq. In. | Head |per Sq. In.| Head |per Sq. In. 
1 0.43 Ibs. 35 15.16 Ibs. 70 30.32 Ibs. 

5 2 Ole 40 Gece 5° 75 32.48: * 
10 4.33)“ 45 19.49.‘ 80 34.65 ‘“ 
15 6.49 “ 50 Bl Gores 85 36:82:.° 
20 8.66 “ 55 23.82, “ 90 DOr OOne ea 
25 TORS2i ss 60 25:99 a5 95 41.15 “ 


30 12599 9 65 28.15 100 43.31 
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TABLE 25 


Amount of Direct Radiation that a Main Will Supply in 
One-Pipe and Two-Pipe Steam Heating 


Amount of Direct Radiation One-Pipe Work Two-Pipe Work 


Sq. Ft. ; In. In. 
40 to 50s 1 wx % 
100 to 125 1% ie 2.9 CA 
125 to 250 1% 14%4x1 
250 to 400 2 144x1\% 
400 to 650 2% 2 x1l% 
650 to 900 3 24%2x2 
900 to 1250 38% 3 x2% 
1250 to 1600 4 3144x3 
1600 to 2050 4% 4 x38 
2050 to 2500 5 ‘ 41px4 
2500 to 3600 6 5 x4 
3600 to 5000 7 (sds 
5000 to 6500 8 taaexG 
6500 to 8100 9 hd 
81000 to 100000 10 Sexe 


In hot-water heating systems the relative sizes of the flow 
and return pipes should be the same. Table 26 shows 
the number of sq. ft. of radiation that can be supplied by 
hot-water mains in sizes from 1%-in. to 6-in. The smallest 
size pipe that is practicable in hot-water heating is 1%-in. 


TABLE 26 

Sizes of Hot-Water Mains, and Amount of Radiation Supplied 

Sizes of Mains Amount of Radiation Supplied 
LA rel euch onset ore attiaval sasuke Watters ieUs Bp o\o nls shishoyh dn: sicoka Se 125 to Lib esas tts 
el IVA a Tey ci ehh ois Meokte sedate fer oy euerief sqaussleascuaueysys kai se 175 to 300 sq. ft. 
DUA Mee eNO afore te elena tenears dauehe Oe a oiele) Se 300 to 475 sq. ft. 
Balt operate ie weer teks OMe oicle HE Petes aioe Sees 475 to. 700 sq. ft. 
Se lle oreneradeue ote iatchars core coen oy chai oie teint sais) shoves 700 to 950 sq. ft. 
AAT Sepese og eeirce ech sae ereteke ieuellcnokOtek ths: syaheakes de aceiellene 950 to 1,200 sq. ft. 
BV UT alte a a aie iatay Soa ror oe arco el at aie Ie rial al whal'e We wl ars 1,200 to 1,575 sq. ft. 
Delincten tov ci vereceeveke he iotetspe: Mio eeoak of o as.0f Sears Doe tone O7o sd. ft. 
EOS TT eemrnteices avcerstocele icscieieietn ec oe ao, 0s) erel'e. site 1,975 tol2;375 sq. ft. 
Galtier ccs) siapeisrate th cereterone areapoheuels suisa\sieyateilerel ate 2,375 to 2,850 sq. ft. 


FITTINGS FOR STEAM AND HOT-WATER PIPES 


Long-turn or long-radius fittings will greatly aid circula- 
tion and reduce friction in a system of piping, and should 
be used wherever possible, especially in hot-water heating. 

A steam main should have a pitch of at least %-in. for 
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TABLE 27 
Number and Sizes of Branches that Mains Will Supply 
Sizes of ‘ 
Mains Number and Sizes of Branches 
TEC ce soe cog 2—%-in. branches 
VAS TOW So stag Gone 2—1-in. branches 
TAG AIIE accte oPixels:s 3 eyes 2—1%4-in branches 
DAM eters eyelets! tm 2—1%-in. branches 
DAG AT os fone eietat pevellos 20 2—1%-in. and 1—1% in. branches 
UGA eteve bore)! iehaiets 1—2-in. and 1—1%4-in. branch 
SalN semesters crate 1—214-in. and 1—2-in. branch 
SeiN a deve cher sacs chaos 2—2-in. and 1—1%-in. branches 
Bab ieee oe cmc 2—2%-in. branches 
S1pHllih sc coe esis os 1—3-in. and 1—2-in. branch 
SAG sta canisters aie 3—2-in. branches 
Pinte soc eee ccs te 1—3%-in. and 1—2%-in. branch 
ATTN Sr lola whanelacsrner ses 2—3-in. branches 
BalTV Meet wis itiets sates 4—2-in. branches 
ALGAE opie pia terete 1—3%-in. and 1—3-in. branch 
AIG-ANG «5 goog oii 1—4-in. and 1—2%-in. branch 
BULAN sc aoe vic visitors © 6—2-in. branches 
Beli ete eitcantisiete ake aus 1—4-in. and 1—3-in. branch 
Balt foereca cuetrercteersn 1—41%4-in. and 1—2%-in. branch 
Beltiire sts ate atte she 8—2-in. branches 
Gab owtie oe oie ese es 1—3-in. and 2—4-in. branches 
Gale PEe See cals ays tarsce 4—3-in. branches 
GAN eis sie sdarclostareres 10—2-in. branches 
MATOS G6 suse Sais aoverens 1—6-in. and 1—4-in. branch 
VGaltscarshe learn eikis 3—4-in. and 1—2-in. branches 
Sire keteseteeien ee 2—6-in. and 1—5-in. branches 
Bet tees Roastinktelsres 5—4-in. and 2—2-in. branches 
TABLE 28 
Sizes of Drip-Pipes for Mains of Various Lengths 
Length of Steam Main, in Feet 
Sizes 
of 1 to 100 ee 200 to 400 | 400 to 600 
Steam Mains eae eee eee 


Size of Drip Pipe 


———<—<$<$<—_— | — |__| —______ 


0 to 2-in. V-in. Y-in. Y-in. 34-in. 
3-in. Y-in. 34-in. 34-in, Bein: 
4-in. 34-in. 34-in. 1 «in. 144-in. 
5-in. 34-in. 1 -in. 144-in. 14-in. 


6-in. 1 -in. 144-in. 1%-in. 1%-in. 
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every 10 ft. of length; and branches should have a pitch of 1 
in. for every 5 linear ft. 

Care should be exercised to secure as near a perfect align- 
ment as possible in the running of pipes; and pockets should 
be avoided. 

When absolutely necessary to make a direct rise for the 
purpose of increasing head-room, or to pass an obstruction, a 
small bleeder pipe, 3-in. or %-in., should be tapped into the 
lowest point of the pocket thus formed in order to carry 
off the condensation. 

A check-valve should always be placed in the return, near 
the boiler, when radiators are located near the water level 
of the boiler. If the water level of the boiler shows a dis- 
position to fluctuate, it may be kept steady by connecting a 
pipe called an equalizing pipe from the steam dome, or top 
of the boiler to one of the return openings, below the water 
line of the boiler; or it can be connected to the main, near 
the boiler, and tapped into the return pipe near its entrance 
into the boiler. Check-valves should always be located in 
the horizontal portion of the return, and as near the boiler 
as possible. 

Branches should be taken from the top of the main, or 
they may be taken at an angle of 45°. They should be run 
with a pitch up from main to riser. 

Where reductions in size of main are made, eccentric 
tees or couplings should be used. If this is not done, it will 
be necessary to run heel-drips from each reduction to the 
wet return. 

Main return for a two-pipe Sectcie should increase in size 
as branch returns enter it. It should be maintained one size 
smaller than the supply pipe corresponding. 

When a drip is connected into a dry return, a icon or 
trap should be inserted to prevent short-circuiting of the 
steam, which would block return water. 

This precaution is not necessary with wet returns. Table 
27 shows the number and sizes of branches that a main 
of a given size will supply. 

Doubling the diameter of a pipe increases its capacity 
four times. 

The sizes of drip pipes required for steam depend not 
alone upon the size of main to be dripped, but also upon the 
length, as may be seen by reference to Table 28. 


Expansion Tanks © 
In hot-water heating systems, an expansion tank should 
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always be provided, for the reason that when the water has 
reached boiling point (212° F.) it has also increased in vol- 
ume so that it occupies a space 5 per cent greater than it did 
at 40°. 

The expansion tank should have a capacity sufficient to 
contain from 1/20 to 1/30 of the total volume of water _con- 
tained in the entire system, and it should be located, if 
possible, where there is no danger from freezing. 

It should be placed at such a height as to bring the 
bottom of the tank at least 24 in. above the highest radiator 
in the system. 

If there is no increase in pressure due to expansion, a 
vent-pipe may be run from the tank, connecting its highest 
point with the outside air. The pressure on the heating sys- 
tem will then depend upon the height of the water level 
in the tank, each foot in height corresponding to .43 Ib. 
pressure per sq. in. 

These tanks should be made of boiler steel, double-riv- 
eted, caulked, and galvanized, and tested to 200 lbs. hydraulic 
pressure. They should be tapped, top and. bottcem, for 1-in. 
overflow and expansion pipe, the latter to be connected to 
the system in such a manner as to conduct the surplus 
water into the bottom of the tank. A 1-in. connection for 
a filling attachment should be made on the side, near the 
top of tank, and a 12-in. water gauge glass should be con. 
nected on the side near the bottom. 

If it is desired to maintain a pressure in excess of atmos: 
pheric pressure, the vent-pipe may be closed, and a safety- 
valve attached which will open when the pressure reaches 
the desired point. 


TABLE 29 

Dimensions and Capacities of Expansion Tanks 
Size Capacity Square Feet 
(Inches) (Gallons) of Radiation 
10x20 8 250 
12x20 10 300 
12x30 15 500 
14x30 20 700 
16x30 26 950 
16x36 32 1,300 
16x48 42 2,000 
18x60 66 3,000 
20x60 82 5,000 
22x60 100 6,000 


E 
; 


a 
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A slight increase in pressure on the system will also 
increase the boiling temperature of the water, thus making 
it possible to maintain a higher temperature throughout the 
entire system. For instance, at 5 Ibs. pressure, the tem- 
perature at boiling point is 228°; and at 10 lbs. pressure, 
boiling temperature is 240°. Table 29 gives the dimen- 
sions in inches, and capacity in gallons, of expansion tanks 
for various amounts of hot-water radiation. 

The capacity, in gallons, of any size cylindrical tank may 
be found by the following simple rule: Square the diameter 
of the tank, in inches; then multiply by length of tank, in 
inches, and this product by the constant .0034. Result — 
No. of U. S. gallons. 

Pipe Coverings 

The amount of heat losses that take place from uncov- 
ered steam or hot-water mains, has already been discussed. 
All losses of this character may be prevented, in large meas- 
ure, by the use of a good pipe covering, thus effecting a 
saving in cost of fuel, and in many instances making it pos- 
sible to use a smaller size of boiler. All piping in the 
boiler room should be covered; also all distributing pipes, ex- 
cept radiator connections. Results of tests made by Prof. 
Cooley, of the University of Michigan, show that, for pres- 

TABLE 30 
Relative Insulating Values of Various Pipe Coverings 
Thickness Relative 

MATERIAL OF COVERING of Covering Insulating 

Non-Sectional Coverings— (Inches) Value 


Two layers asbestos paper, 1 in. 
hair felt, and 1 thickness of 


CANVAS wosticiicletetelercelsrerere: 0/0 els seater 1.000 
Two layers asbestos paper..... Nefecs 263 
Sectional Coverings— 
INBINSEN Littell opacbossoeocgonG0 94 -952 
Asbestos sponge ............-. ele, -920 
ASbestOsiate lt clems soe sian ise ererse 1.35 923 
Flaine! tops eeiectes seis crsehe.« 1.45 -960 
Molding Coverings— 
IASDORtOSpEcrcuier verse cksteienes sles 5 1.23 803 
Mia ome slam mtctetel tice tei neroler= leds) «rsieve .94 915 
Magnesia and asbestos........- 1.12 879 
Asbestos and wool felt ........ 1.12 -910 
VViOOlesLCl timers citer electors creas 1.16 -904 


Wool felt and iron with air-space .... 828 
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sures under 5 lbs., hair felt is the most effective non-con- 
ductor; but when used for higher pressures, it chars, and 
breaks down. The same may be said of wool felt coverings. 


Table 30 shows the relative insulating value of various 
kinds of pipe covering, taking a covering composed of as- 
bestos paper, hair felt, and canvas as a standard. 

It should be noted that if the material composing the 
covering is a good conductor, its heat-insulating power is 
lessened by increasing the thickness beyond a certain limit. 

Table 32 is for the purpose of estimating the number 
of smaller size pipes that will be required to equal in ca- 
pacity a pipe of larger size. For instance, take a 1-in. pipe. ~ 
How many pipes of this size will be required to equal in 
capacity one 314-in. pipe? 

Starting at the left-hand column in the table, under the 
heading ‘Size of Pipe,’ trace in a horizontal direction from 
“1-in.” toward the right, until, under the heading ‘“3%%-in.,” 
it will be seen that the required number is 11. Similarly, 
the capacity of a 3-in. pipe is found to be 8.5 times the 
capacity of a 1-in. pipe. In practice it would be necessary 
to use nine 1-in. pipes for equalizing in capacity one’ 3-in. 
pipe. 

P COMMERCIAL GRADES OF PIPE 

Pipe for steam and hot-water heating is put on the mar- 
ket in three grades of thickness: (1) Standard wrought- 
iron welded pipe (see Table 31), tested to a pressure of 
250 Ibs. per sq. in.; (2) Extra strong; (3) Double extra 
strong. The “standard’ is the grade used principally for 
heating purposes. “Extra strong” and “double extra strong” 
pipe are always shipped without threads or couplings, unless 
otherwise specified. Each length of standard pipe, when 
shipped is provided with threads on both ends, and one 
coupling. The lengths range from 16 to 24 ft. 

All fittings, except couplings and nipples, are made of 
malleable or cast iron, the latter being preferable for heat, 
ing systems. 

Flange unions should be used on all pipe exceeding 2 in. 
in diameter. 

Three types of valves are used in steam and hot-water 
heating—namely, globe valves, gate valves, and check valves. 
When a globe valve is placed in a horizontal steam pipe, 
it should always be placed with the stem in a horizontal 
position, as it presents less resistance to the flow of the 
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steam and condensed water in that position than it does 
when the stem is set in a vertical position. 

Globe valves should not be used in hot-water systems. 
Gate valves are to be preferred for water pipes. Check 
valves must be installed in places where it is necessary 
that the flow shall be continually in one direction, and where 
there ,is danger of a reverse flow. A check valve should 
always be placed in the return as near the boiler as pos- 
sible. 

VACUUM HEATING SYSTEMS 


In the systems of heating already discussed, the pres- 
sure is carried either at atmospheric or higher pressure, 
and the boiling temperature of the water is 212° or higher. 
If a heating system, piped along practically the same lines 
, aS those hitherto discussed, is equipped with the proper ap- 
paratus for exhausting all the air, and keeping it exhausted, 
from the interior of boilers, pipes, and radiators, thus pro- 
during a vacuum within the system, the boiling point of the 
water will be reduced, and steam will be generated at a 
much lower temperature. This is termed the vacuum heat- 
ing system. It is more economical in the use of fuel than 
a system in which pressure is maintained above atmospheric 
pressure, for the reason that in pressure systems a large 
portion of the fuel is consumed in driving the air from 
pipes and radiators against the pressure of the atmosphere; 
whereas, in the vacuum system, all the air is automatically 
removed from every part of the system, and the steam is 
permitted to circulate freely at a high velocity, thus making 
every sq. ft. of radiation available. In some systems oper- 
ated on this principle, a vacuum pump is employed for the 
purpose of removing the air, also the water of condensa- 
tion, from pipes and radiators. In other systems of vacuum 
heating the condensation of the steam in the radiators is 
utilized to produce a vacuum by taking advantage of the 
great difference in volume between steam and the water 
from which it is produced. For instance, if 1,600 cu. in. of 
steam at atmospheric pressure be condensed, the water of 
condensation will occupy a space-of but 1 cu. in., and if no 
air leaks exist in the system, the result will be a vacuum. 

In order that a heating system of this kind may be 
successfully operated, it is necessary to provide each radiator 
with an automatic air-valve which will open and close by the 
contraction and expansion of some material. There are many 
different types of these valves. Some of them use air con- 
fined within a small float which is caused to rise by the 
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expansion of the confined air when heated, and, in rising, 
-eloses the outlet, thus preventing the escape of steam after 
the air in the radiator has all been exhausted. In due course, 
more air will accumulate in the radiator, owing to the con- 
densation of the steam; the air in the float will contract from 
cooling, and this will again open the small air discharge 
valve, thus permitting the air in the radiator to be again 
expelled, and fresh steam to take its place. of 

In other types of automatic air-valves the discharge is 
opened and closed by the contraction and expansion of a 
curved metallic strip. The valve remains open, thus per- 
mitting the escape of air until the curved strip becomes 
nearly equal in temperature to that of the steam. The 
heat serves to increase the length of the strip, and it bends 
out sufficiently to close the air discharge. A drip pipe re- 
moves any water of condensation escaping from the air- 
valve. 

Paul System. In what is known as the Paul System, now 
largely used, an automatic air-valve is attached to each 
radiator, and at any point where air is liable to collect 
in the returns. These valves are connected by means of 
small air-pipes with an air-exhauster located in the boiler 
room. The air-valves permit the passage of air, but no 
water can escape through them. 

This system may be operated on the single-pipe gravity 
plan; and it has the advantage over the ordinary one-pipe 
system, of keeping all the air continually exhausted, so that 
the steam will. in fact be sucked or drawn through the 
pipes, instead of being forced through. The exhauster may 
be operated by steam, gas, electricity, or water; the last. 
mentioned being usually employed with low-pressure sys- 
tems. : 

The cost of operating the exhauster for a system con- 
taining 4,500 ft. of radiation, need not exceed 3 cents a 
day; and since a much better circulation is maintained by 
this system than when the air discharges into the rooms 
against the pressure of the atmosphere, the radiators are 
more effective, and it is claimed that a saving of 15 to 20 
per cent in fuel is thereby made possible. 

Vapor Heating System. In the so-called vapor heating 
system the piping is practically the same as in the vacuum 
System, except that the hot-water type of radiator is em- 
ployed, in which the flow is connected to the upper portion 
of the radiator at one end, and the discharge is connected 
to the lower portion at the opposite end. The radiator is 


- 
d 
s 


HEATING AND VENTILATING 475 


thus heated from the top down; and special forms of valves 
called graduated valves are used, whereby the admission of 
vapor to the radiator may be controlled so as to heat just 
as much of the radiator surface as is desired. 

This may be one-quarter, one-half, three-quarters, or the 
entire surface. The heating medium is the vapor which rises 
from the surfate of the water in the boiler when at or near 
the boiling point; and it circulates .throughout the system 
under very light pressure. 

The methods employed for expelling the air from radiators 
and flow pipes are similar to those already described in con- 
nection with the vacuum system. 

In some cases vapor heating systems are installed in 
such a manner that either steam, of low pressure, or vapor 
can be used as the heating medium, and a range in tem- 
perature thus secured which runs from 90° to 240° F., the 
latter being the temperature of steam at 10 lbs. gauge pres- 
sure. 

Accelerated Hot-Water Heating System. One of the prin- 
cipal objections to hot-water heating systems in which more 
or less pressure is maintained by the use of expansion tanks 
and valves connected therewith, is the liability of the valves 
to stick and thus allow the pressure to increase to the point 
of danger. ‘ 

In order to overcome this objection, and insure safety in 
operation, a device known as the Honeywell generator may 
be placed on the return line, and connected to the expansion 
line, by means of which it is possible to maintain a pressure 
of 10 lbs. on the system with perfect safety. 

In this device mercury is the active agent employed 
for regulating the pressure. The mercury is contained in a 
bottle-shaped casting, to one side of which the expansion line 
is connected. The top of this casting is connected by a pipe 
to an elliptical-shaped casting above it. The connecting pipe 
extends down into the bottle-shaped casting to near the bot- 
tom,—and, inside this connecting pipe, is a secondary or cir- 
culating pipe of small size extending slightly above the 
connecting pipe into the elliptical top compartment. 

The action of the device is as follows: Assuming no 
pressure on the system, the mercury will lie at the bottom 
of the lower casting. When pressure forms in the system, 
it acts upon the mercury in the generator, tending to drive 
it upwards through the small inner pipe. By the time the 
pressure has reached 10 pounds, the mercury is overflowing 
into the top compartment, whence it finds its way into the 
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large connecting pipe; and, owing to the difference in weight 
between it and the hot water, the mercury continues circulat- 
ing down and up in the tubes, while at the same time it has 
been lowered to a point at the bottom of the generator below 
the open end of the connecting pipe, thus allowing the water 
from the system to pass upward through this pipe into the 
top compartment, and thence into the expansion tank. 

Other pressure-regulating devices using mercury as the 
sealing agent, are the Milwaukee heat generator, and another, 
known as the Mercury heat generator, designed for -use in 
connection with hot-water heating. It is claimed for the 
accelerated hot-water heating system, that, owing to the 
available range of temperatures in connection therewith, the 
sq. ft. of required radiation as ordinarily calculated may be 
reduced a considerable amount; also, that the size of piping 
may be lessened by its use. 

The usual plan is to estimate the radiation by the ordi- 
nary method, and then deduct 10 or 15 per cent if the ac- 
celerated hot-water system is to be employed. The sizes 
of mains for this system may be found by the following 
rule: 

Let size of main supplying the riser or radiator connection 
farthest from the boiler be two sizes larger than this riser 
or connection. From this point, work toward the boiler, in- 
creasing the area of the main to an amount sufficient to 
equal or slightly exceed the combined areas of radiator 
valves to be supplied. All branches to radiators are to be 
of the same size.as the connection or riser they are designed 
to feed. Radiators employed in accelerated hot-water heat- 
ing, are, as a rule, tapped for smaller connections than in the 
ordinary open method. Table 338 shows tapping of radi- 
ators: for various amounts of radiation with accelerated hot- 
water heating systems. 


TABLE 33 
Tapping of Radiators in Accelerated Hot Water Heating Systems 


Sq. Ft. of Sizes of Sq. Ft. of Sizes of 
Radiation Radiator Radiation Radiator 
Tapping Tapping 
30 Y4-in. 100 and over 1 -in. 
30 to 75 34-in. 50 Vin. 
75 and over 1 -in. 50 to 125 34-in. 
40 1-in. 125 and over 1 -in. 
40 to 100 34-in. ; 
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Connection to an indirect radiator in the basement, or to 
a basement ceiling coil or wall radiator, should be taken 
from a riser at a point near the ceiling of the first floor, 
in order that a positive circulation of water may be main- 
tained through the basement radiator by the pressure of the 
water due to the head or height. 


BOILERS FOR HEATING PLANTS 


Boilers designed for heating purposes alone, are in a class 
separate and distinct from boilers designed to supply steam 
for power only, or for a combination power and heating sys- 
tem. Heating boilers intended for low-pressure systems (2 
lbs. and under) are usually constructed of hollow cast-iron 
sections, of various patterns according to the ideas of the 
builders, the object being to present as many sa. ft. of heat- 
ing surface as possible to the action of the heat. 

Cast iron has proved itself to be the best material for 
the construction of this type of sectional’ boiler. This is 
owing to the ability of cast iron to withstand the action of 
rust. 

Sectional boilers for heating are built in two general 
forms—namely, the round vertical and the horizontal rec- 
tangular shape. The round boiler is built up of hollow cast- 
iron cylindrical sections or rings laid one on top of the other, 
and connected by means of either screw nipples, or push 
nipples, thus permitting a free circulation of the water. The 
firebox is at the bottom, and the sections are so designed as 
to present bafflers or projections of their surfaces into the 
interior flue or passageway leading from firebox to smoke- 
flue. These projections, being a part of the boiler, and 
filled with water, form additional heating surface, and they 
also serve to baffle or retard the heated gases on their way 
to the chimney, thus utilizing more of the heat value of the 
fuel. 

The horizontal boiler is built up of a series of vertical 
sections, the usual shape of which is in the form of an in- 
verted U. These are placed side by side, the lower por- 
tions of the legs, or waterways being connected to headers 
running along each side of the boiler, near the bottom, into 
which the returns from the heating system are conducted. 
The water for heating is taken from the top of the boiler, 
or from a header connected with the top portions of the sec- 
tions. The furnace is in front, below; and the upper por- 
tions of the sections are equipped with bafflers in the same 
manner and for the same purpose as those described in 
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connection with cylindrical boilers. These boilers are either 
encased in brick or covered with a cement mixture of as- 
bestos and magnesia. 

The trimmings furnished with steam boilers consist of 
steam gauge with cock and siphon, safety-valve, water col- 
umn, water gauge glass and cocks, automatic damper regu- 
later and chain, draw-off cock and the necessary pipe and 
fittings to connect same to boiler. 

Fire tools consist of poker, hoe, slice bar, and flue brush. 
This type of boiler is adapted for either steam or hot-water 
heating. 

Rating Sectional Boilers—Steam Heat 


The ratings given in Tables 34 to 40 are for direct 
radiation, and are based upon all piping—mains and risers, 
flows and returns—being figured as radiating surface, and, 
in the case of steam, a pressure of 2 pounds at the boiler. 

Tables 39 and 40 refer to hot-water heating; and the tem- 
perature of the water as it leaves the heater is assumed to 
be 180° F. 

Tables 34 to 40 have been selected from the cata- 
logue of Kellogg-Mackay-Cameron Co., Chicago, Ill., and Min- 
neapolis, Minn., and will give the student a good idea of dimen- 
sions, capacities, and other details in connection with this 
class of boilers. 

In connection with Table 35, it should be explained 
that boilers having the same number of sections, but show- 


TABLE 34 
Horizontal Sectional Boilers for Steam Heat 
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FABLE 35 


Horizontal Sectional 


Boilers for Steam Heat 
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TABLE 36 
Vertical, Cylindrical-Shaped, Sectional Boilers for Steam 


Heating 
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Vertical, Cylindrical-Shaped Non-Sectional Boilers for Steam 
Heating 


Height of Water 
Line, inches. 
Direct Radiation, 


Height of Boiler 
to Top of-Out- 
lets, inches. 
Outside Diam- 
eter, inches. 
Diameter of 
Firepot, inches. 
Number of 
Steam Outleta 
and Inlets. 

Size of! Steam 
Outlets, inches. 
Size of Return 
Diameter of 
Smoke Pipe) 
inches. 
Capacity, 
square feet.7 
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TABLE 37 
, 
3 
bi 


47 27 2 8 
52 27 2 8 
57 27 2 8 
48 31 2 8 
54 31 2 8 
60 31 2 Z 8 ‘ 
48 35 2 3 8 j 
54 35 2 3 8 a 
60 35 2 3 8 : 
66 ‘35 2 3 8 J 
54 40 2 4 9 ( 
60 40 2 4 9 , 
66 40 2, 4 9 
64 44 2 5 
60 44 2 5 
66 44 2 5 
TABLE 38 
Horizontal, Rectangular, Sectional Boilers for Hot-Water 
Heating 


Number of 
Size of Grate, 


Sections. 
Height to Top of 


Header, inches, 
Length with 
Smoke Box, 
Width with Re- 
turn Manifolds, 


inches. 
Diameter of 
Smoke Pipe, 


481 


HEATING AND VENTILATING 


TABLE 39 
Vertical, Cylindrical-Shaped Sectional Boilers for Hot-Water 


Heating 
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TABLE 40 
Vertical, Cylindrical-Shaped, Sectional Boilers for Hot-Water 


Heating 
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ing different capacities, are made with a section of less in- 
terior heating surface, to provide for the smaller rating. 

Greater capacity in sectional boilers may be obtained by 
adding extra sections. It is always good practice to install a 
boiler having a capacity at least 25 per cent greater than 
is called for in the specifications. This refers to direct radi- 
ation. For indirect radiation, the reserve capacity should 
be 50 per cent. 

The boiler referred to in Table 37, although cast- 
iron, has not as many sections as those previously described, 
the lower half consisting of a doubie cylinder casting having 
a large water space surrounding the firebox. 

It should be noted that the ratings given in connection 
with boilers for either steam or hot-water heating are based 
upon the assumption that sufficient radiation will be installed 
to heat the building properly, and that the flue or chimney 
will be of sufficient capacity to supply the proper draft for 
the boiler furnace. 

Firebox Boilers 

In many cases it is more convenient to install firebox 
boilers of the regular pattern for supplying steam for heating 
buildings. Boilers of this type should be constructed of the 
best open-hearth, mild steel having a tensile strength of 
60,000 Ibs. per sq. in. 

These boilers are built either vertical or horizontal. The 
latter type is the better adapted for heating systems. 

Thickness of the sheets should be not less than % in; 
a thickness of 5/16 in. is better. 

The front and back ends of boilers of the horizontal 
type rest on brick piers, and the boiler should be encased 
in brick setting, having deflecting baffles of brick in the 
smoke chamber at the back end, arranged in such a manner 
as to divert the hot gases in their course from the boiler 
flues to the chimney, and to cause them to return under and 
around the shell of the boiler, and thus act upon all por- 
tions of the heating surface before their final exit to the 
open air. : 

Table 41 gives dimensions and capacities of horizontal 
firebox boilers of various sizes; also complete specifications 
relative to installation. 

It should be noted that these boilers are adapted for 
either steam, or hot-water heating, and the ratings given in 
Table 41 are based upon a standard for steam of 2 Ibs. 
pressure at boiler, although 10 Ibs. may be carried with 


safety. 
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For hot-water heating, the mean temperature of the water 
as it leaves the boiler is 180° F. 


Boiler Horse-Power 

Although the term horse-power is an unsatisfactory unit 
of measurement for rating the capacity of a boiler, still 
by its use it is possible to arrive at an approximate esti- 
mate of boiler capacities, and it may be safely used in cal- 
culating dimensions of boilers designed for use in buildings 
where the power plant and the heating system are combined. 

A boiler horse-power as defined by the American Society 
of Mechanical Engineers is “the evaporation of 30 lbs. of 
water from a feed-water temperature of 100° F., into steam 
at 70 lbs. gauge pressure; or the evaporation of 34% Ibs. 
of water from and at a temperature of 212° F. into steam at 
atmospheric pressure.” Using the sq. ft. of heating surface 
of the boiler as one factor, and the total weight of water 
evaporated per hour as the other, if it is found that the 
evaporation equals 2.3 lbs. of water per hour per sq. ft. of 
heating surface, then 15 sq. ft. of heating surface will be 
required for the production of one horse-power, as follows: 
34.5—2.3=15. Or, if the evaporation equals 3 lbs. of water 
per sq. ft. of heating surface, the number of sq. ft. of heat- 
ing surface required per horse-power equals 34.5—3—11.5. 

To convert a pound of water at 212° temperature into 
steam at atmospheric pressure and 212° temperature, re- 
quires 965.7 heat units; therefore, heat units required to 
produce one boiler horse-power—965.7 X 34.5—33,317 per hour. 


COMBINED POWER AND HEATING SYSTEMS 


In many cases, especially in large buildings, the heating 
system is combined with some form of power system (for 
electric lighting, refrigerating machinery, or pumps), steam 
being supplied from a common source. The plan to be fol- 
lowed in the installation of a system of this kind will de- 
pend upon the method to be pursued in its operation. 

First—In case the heating of the building requires the 
greater portion of the steam, the boilers supplying this steam 
will be operated on low pressure, the steam passing directly 
from boilers to heating mains. One or more high-pressure 
boilers are also installed for the purpose of supplying steam 
to the engines or pumps, and the exhaust from these, after 
passing through an oil separator, is carried into the heat- 
ing mains also, the pressure on the exhaust being determined 
by the pressure carried in the heating system. 
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Second—If operated entirely as a high-pressure system, 
the boilers will all be high-pressure; and the bulk of the 
steam, being required for power, will pass directly to the 
engines, whence it is exhausted into the heating mains. A 
by-pass, with reducing valve, is carried from the live steam 
main to the heating main; and if at any time the exhaust 
should fail to maintain the required pressure on the heat- 
ing main, the reducing valve opens automatically, and the 
deficiency is made up with live steam from high-pressure 
main. When the heating pressure is again up to standard, 
the reducing valve automatically closes, either partly or al- 
together. 

The engine exhaust pipe should always be provided with 
a back-pressure valve opening to the atmosphere, in order 
to prevent the accumulation of excessive pressure on the ex- 
haust. ! 

Hither method of operation requires the installation of 
one or more high-pressure boilers, depending upon the size 
and requirements of the building. 

Table 42 shows specifications for high-pressure hori- 
zontal tubular boilers of various capacities, designed to carry 
100 lbs. working pressure. Table 43 is for 125 lbs. 

In Tables 42 and 438, the radiating capacities given 
are based upon the assumption that all mains and returns 
are to be counted as radiation. If a horizontal smoke-pipe 
or breeching leads to the stack, it must be 15 to 25 per 
cent larger, the increase depending upon length of pipe and 
number of elbows, or turns it makes before reaching the 
stack. 


Water-Tube Boiler 


The object sought for in this type of boiler is safety in 
connection with power. Modern engineering demands high 
pressures; and, as one result of this demand, the water-tube 
boiler has been developed to a high degree of perfection. 

The usual type of construction is: one or more steam 
drums built of the best boiler steel, according to specifica- 
tions for high pressures. To the ends are connected water 
legs of large capacities. These are in some cases made of 
the same material as the steam drum or shell; and in other 
cases, they consist of tubes. In either type, these water 
legs are always connected at the bottom by a series of tubes 
exposed to the heat of the furnace. Circulation of the water 
is, as a rule, very good through these tubes, water legs, 
and the lower portion of the steam drum; and steam gen- 


486 RADFORD’S ESTIMATING AND CONTRACTING 


| g | g | G | t | Fel f | + | 7% | g | Pal eh ed be a oe “++ Buruodo winged o21g 
9 9 9 g gq ff il | ch Vv v v PON ees "+ Buruedo urB04s ez1g 
Kg | Ko | Ko | Ko |g | Ho | Ho | He | Ho | MS | MS | MG pO odned-WeO48 OZIG 
Vale AY if I ji I I \% M% M% M% ¥% |up’* ‘seapea doys pue xoey9 ozIg 

AZ |A%S| & (4 j ‘4 (4 (4 (4 j (4 Zo PUp S57 2 ed FO-OTd O2is 

& ¢ | %e | %e Me | Ke | He | He) fo | ME | ME | ME pe Ayddns 

W938 JO OATeA-AjOJeS JOA] 9219 

Ole Ole SOT Dieser Webel fad OL | Oh OL et OL [eB fe "++ *youqs UI [904s Jo edNer) 

OF) 07 | 0p | G2 | OF | ¢2 | $8 | Se.) 82 | 82. | re | .¥ "s+" -yoegs Jo 43dU0'T 

x4 1x6 (46 (44 SI | 81 8T oT 9T 9T 9T ia * *yoe4s Jo Joyourerd 

82g | GIS | Zor | 88h | oor | Gor | 628 | Loe | 192 | 10s | ort | GPL [TPS “Be Qity 

ender YyIM ‘eovjms Suyeoyy 

Creimoie i Gy WSR Shiner | Ok | 2h | 98. 9b" | 98 7 98 WEE Be “+ -9qBid JO YyU0T 

ep | sp | wy | wy | ep | zy | zy | ge | 98 | 98 | ve | Ze fur 776%" eyeds Jo UIPIM 

vw | ¥ | # | pe | pe | Pe | $% | 02 | Of | Of | Bt | OL/ful 72 °°" * *emtop 30 sys 

Ved SCeiave” | PES) OC. 1 0S 1) OC 1 BT | Sh Bt A OT Ss pe ee ey eee 

| ae | vt | 8% | 8% | % % 8% % % 8% 8% 8% faye >= “speaq jo ssouyory L, 

AS aE es PSN 7 Nia Sil galletas Pail (ed ee a ** TGs Jo SSOUOI TL, 

ClO Ree Osee| oF LBS ISBEY. 1 CE. FET AAS ee 8) Se, Pip OG fete 8 ‘soqn} JO sequin 

PLB HEE arts |B | AS ee € & g g 6 g [up **** *(aejnser) seqny jo ezig 

Pla cae Nee Vilenlee Chm ay ba cote sn OL aio le | MOL 8 L L |ya 0007 tsaqng jo 43800] 

Sy | 8) | Wr | Ph | CF | Gh | GF | 98 OS ec sie GelliaGey sh acme, Sane “TP GS 30 te} 9Ure IT 

008¢ | 000¢ | 0osF | oo0F | 009¢ | oOeE | OOTE | 00gz | 9zze | 000z | OOZT | OOZT | OOOT | 008 |'34 “bg ‘woNEIpes qoouTp “Aqoeder 
CV OVS OFa te Gea GG! [a 0iel  So,ileSS = (00-40 SE TCS AGE te eS "++" JemodesioH 


Sq] OOT ‘omnssoid SurzI0 


"01 ‘soijoedeg ‘suoisuewiG—siejiog wejnqny jeyuozii0p4 einsseiq YbIH 


ov A1GVL 


487 


HEATING AND VENTILATING 


“Ms | 4s | 4s | 8 | 8 | 48 | 48) Xs] 9) | 9 bm eine mmo orig 
%4Z “AZ “UZ “AG UZ +94 “AZ HZ “ue A oh “AS Ul ee ee eee eee eee “** *OATBA FO-MOTA OZIG 
YT AT at al 4] zal zal “YT “YT oat ral SOTi saa ¢ wececore “SoaTeA dojs puke yoeqD 

P P we ue a9 rc e ¢ ¢ ¢ ¢ ‘Uy RPeGactNerclaretio: cuevecciece cn c “OATRA Ayoyes dog 
09 09 GG Gg 0g 0g cP cy cP OF ORT Wid meh ow weer oka ae yorqs Jo qysueT 
9g 98 Ze ze 8% 82 8% 9% 9% 14 FG Pune PEE SE “*TROIVIOA Jt “yoeys Jojourelg 
L ol 99 99 09 09 09 ia is 8 he ae ae eee *-9ye.13 UPIM 
09 vs 09 rs 09 rs 8h SG 8h ia SPs lige aes gs ele ee ae ce *oye18 YASUOT 
)) hi 9 9 g g g g g g Ga | aoe “vs ***Burmedo Winged OZ1g 
8 8 L 1 9 9 9 9 9 9 9 ‘Ul we ewe Cee BCALLCIY to ter ak . “‘suruedo we94s 821g 
v 7 z 4 z 3 rd G z % ZG | ‘soqn, Mopeg seoviq Ysno.gy soquinyy 
a6 146 CT GI cI cI cI Or Or II II |’ ' Seqng edoqe peoy Yove sooviq Jequin\y 
% % &% % % &% % % &% of a4 ‘Uy Tt eae ee ee ee eee 3 “sprog SSOUYOMT, 
ie ot 8% &% &% %% 8% am uo oe au ‘Uy a ie cial 0h]. eee) aie ashes) enovantarw ‘Teys Ssouyory J, 
0L OL 1G vs oP ag tPF 9g 9g 7G Tog (SS Oe ee ***soqnq JequinNy 
81 91 81 9T 8I 91 ial 9T ial 9T Vim | ile eee Me eas *soqny 443Ue7T 
CL lL 99 99 09 09 09 Ss rs Sig She Olesacs cs aaa ** [Joys Jo loyoureiq 

O00ZT | OOZOT | 0096 | 00G8 | 0008 | 00zL | OOF9 | 009S | 0009 | COL | OOF |3a “bg * woryeIpel yoortp ‘Aqroedeg 
OST | St | SIT | Oot | oot 8 02 OL 09 Gg OG Sere as "+" “Jomod essoy [BUTUL0 NY 


“S| CGT ‘ommssoid SuryI0 
“HZ ‘sontoedeg ‘suojsuewiq—siojiog sejnqny jeyuoz1i0}] eunsseig-YBipy 


eb F1avL : 


> 


488 RADFORD’S ESTIMATING AND CONTRACTING 


erates rapidly. Since, the bottom of the drum is exposed 
to the furnace heat, the water must also be maintained in 
the drum at a certain height, and still leave sufficient steam 
space. The pressures carried by these boilers are usually 
200 to 225 Ibs. per sq. in. 


Feed-Water Heaters 


The great benefits derived from heating the feed water 
before it enters the boiler; and the economy in fuel there- 
by, attained when exhaust steam is utilized for this purpose, 
are beyond question, and need not here be discussed. 

Table 44 gives dimensions and other details of feed- 
water heaters designed for power and heating plants of 
from 50 to 3,000 horse-power. 


TABLE 44 
Feed-Water Heaters 
(“Kewanee” Type) 


H P Diameter, | Height, | Exhaust, | Hot Water, | Cold Water, Shipping Wet., 
ete CW ok. inches, inches.| inches. inches. inches. pounds. 


24 72. 3 1% xX 900 
24 18 3 2 1 1000 
30 78 4 2 1 1200 
30 84 6 23 14 1300 
30 90 6 2% 14 1350 
30 96 6 3 1% 1450 
36 96 6 34% 1% 1800 
36 102 6 3% 2 1950 
42 108 7 4 2 2300 
42 120 7 4 2% 2500 
42 132 7 4 2% 2700 
48 132 8 5 2% 3400 
48 138 8 5 2% 3600 
54 182 8 5 3 4400 
54 138 8 5 3 4700 
54 144 8 6 8 5000 
60 168 10 6 3% 6000 
60 192 10 6 8% 6600 


HOT-AIR HEATING AND VENTILATING SYSTEMS 


Hot-air furnaces may be constructed either of cast iron 
or of steel, there being very little difference between the 
merits of the two materials for this purpose. While cast iron 
is less sensitive to the action of rust when the furnace stands 
idle during the summer, it is more easily broken by shrink- 
age strains than steel is, and, when very hot, it may be 
slightly permeable to the furnace gases, and thus increase 
the danger from noxious fumes. The danger from this 
source, however, is slight, because, if the furnace is properly 
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proportioned, the temperature need not exceed 300° or 400° 
F., and for this condition, the difference in the heating power 
of cast iron and steel is a negligible quantity. On the other 
hand, cast iron, owing to its rough surface, is a better medium 
for giving off heat than wrought iron or steel. 

Since air takes up heat much more slowly than does 
water or steam, the ratio of heating surface to grate sur- 
face should be more than that usually employed in steam 
heating, which latter varies from 20 to 45, averaging about 
32; while ratio of air-heating surface to grate surface in 
hot-air furnaces varies from 20 to 50, the average being 35. 

Each sq. ft. of heating surface may be assumed to give 
off 1,000 to 1,500 B. T. U. per hour. A furnace should be so 
proportioned that the temperature of air leaving it will not 
exceed 180° F.,.and in selecting a furnace, it is best to 
have 25 to 50 per cent more heating capacity in the furnace 
than the building is rated at. Builders rate their furnaces 
at, or at about, their maximum capacity, the rating being ex- 
pressed as number of cu. ft. of building volume the furnace 
will heat. 


General Form of Hot-Air Furnace 


The same principles that apply in the construction of 
furnaces for steam and hot-water heating, may also, with a 
few modifications, be applied to the installation of hot-air 
furnaces. It is essential that the shell of the furnace be 
tight; otherwise products of combustion may enter the air 
passages. 

A furnace may be set in a chamber surrounded by brick 
walls. A better setting is a metallic casing consisting of 
two sheets of metal, the outer one of galvanized iron. These 
sheets are placed far enough apart to allow a filling of 
asbestos between them, or, as in some cases, simply an air- 
space serves as the insulation. Ample space is provided be- 
tween the casing and the sides of the furnace proper for the 
passage of the heated air. A dumping or shaking grate 
which can be quickly cleaned, should be used. 

There should be 1 sq. ft. of grate surface for each 30 
to 50 sq. ft. of heating surface in the furnace. 

Regulation of the draft should be made available from 
the first floor of the building. 

Heated air requires more moisture than cold air does to 
maintain the proper degree of saturation; for instance, one 
pound of air at 32° F. will hold in the form of vapor .003 
lb. of water; but at 150° temperature, it will hold pe NN eee 
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or about 70 times as much moisture. For this reason, every 
furnace should be provided with a water-pan in which water 
may be kept for increasing the moisture in the air as it is 
distributed to the various rooms. A good plan is to fit each 
pipe leaving the furnace, with a trough or pan inside, for 
containing water from which the heated air may take up 
its moisture in passing. 


Cold-Air Supply. The cold-air supply for the furnace con- 
sists of a passageway or duct of wood, metal, or masonry, 
leading from a point beneath the furnace casing or near its 
bottom to the outside air, usually on that side of the building 
which is subject to the prevailing winds. This cold-air 
passageway or duct should be provided with a damper for 
regulating the supply. In all cases there should be a screen 
over the outer end, to prevent the admission of foreign mat- 
ter; and doors should be arranged so that it can be cleaned 
periodically. The cross-section of the cold-air duct should be 
80 per cent of the sum of the sectional areas of all the hot- 
air pipes leading from the furnace to various parts of the 
building. 

Leaders and Flues for Heating Air. Leader pipes, taken 
from near the top of the furnace casing, are usually round, 
made of bright tin, and, when running horizontally, should 
have an ascending pitch of at least .75 inch to the foot. 
These pipes should have as few and as easy turns as pos- 
sible, and should not be placed in the outside walls. ‘The 
vertical flues, or risers, are rectangular in shape, made in 
dimensions to fit in the partitions, and are connected at the 
bottom with the horizontal leaders, whence they extend to 
the various floors. 

In calculations for dimensions of risers, the velocity of 
the heated air for the first floor may be taken at 3 to 4 
ft. per second; for the second floor at 4 to 5 ft. per second; 
for third floor and above, at 5 to 6 ft. per second. These 
flues should be double-walled, having an air-space or as- 
bestos between the walls. 


Registers. The dimensions of the registers should be cal- 
culated on the basis of an air velocity of 2 to 8 ft. per 
second on the first floor, and 8 to 4 ft. per second on floors 
above. The effective area of ordinary registers is about 50 
per cent of actual outside area. 

Air in principal rooms should be changed 5 times per 
hour in hot-air heating systems. H. B. Carpenter, before the 
Society of Heating and Ventilating Engineers (see Transac- 
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tions, Vol. 5, p. 77), gives rules as follows for finding cu. ft. 
of air passing per minute through pipes. 

For first floor, area of pipe in sq. in. X 1.25. 

For second floor, area of pipe in sq. in. X 1.66. 

For third floor, area of pipe in sq. in. X 2.08. 

Table 45 gives sizes of openings, and areas of registers, for 
hot-air systems of various capacities. 


TABLE 45 | 
Hot-Air Registers 


Diam. Diam. 
Size of | Effective Round Size of Effective Round 
Opening, Area, Pipe, Opening, Area, Pipe, 
Inches Sq. In. Inches Inches Sq. In. Inches 
446x614 20 Gill 10x20 132 13.0 
4x 8 21 Dee 12x12 96 died! 
4x10 26 5.8 12x14 112 11.9 
4x13 34 6.6 12x15 120 12.4 
4x15 40 Uh 12x16 128 12.8 
4x18 48 7.8 12x17 136 13.2 
6x 6 24 5.6 12x18 144 13.5 
6x 8 32 6.4 12x19 152 13.9 
6x 9 36 6.7 12x20 160 14.3 
6x10 40 hae 12x24 192 15.6 
6x14 56 8.5 14x14 130 12.8 
6x16 64 9.1 14x16 149 14.8 
6x18 U2, 9.6 14x18 168 14.9 
6x24 96 pie al 14x20 186 15.5 
Tbe 7 32 6.4 14x22 205 16.2 
7x10 52 8.2 15x25 250 17.8 
8x 8 42 7.4 16x16 170 14.7 
8x10 53 8.2 16x20 213 16.5 
8x12 64 9.6 16x24 256 18.1 
8x15 80 10.1 18x24 288 19.2 
8x18 96 11.2 20x20 267 18.5 
9x 9 54 8.2 20x24 320 20.2 
9x12 72 9.6 20x26 347 21.0 
9x13 78 10.0 21x29 406 22 
9x14 84 10.3 24x24 384 22.1 
10x10 66 9.2 24x32 512 25.5 
10x12 80 9.1 GOAL 486 25 .0 
10x14 93 10.9 27x38 684 29.5 
10x16 107 ihe? 30x30 600 Dl 0 
10x18 120 ADA a Mee pees in 


Table 46 shows required proportions of flues, grate area 
and heating surface. 
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TABLE 46 
Proportions of Flues, Grate Area, and Heating Surface in Hot-Air 
Heating 
1st Floor 2d Floor Furnace 


Contents | Hot-Air | Foul-Air| Hot-Air | Foul-Air} Grate | Heating 


of Room Flue Flue Flue Flue Area, | Surface, 
Cu. Ft. | Diam., | Diam., | Diam., | Diam., | Sq. In. | Sq. Ft. 
In. In. In. 


In. 

500 6 6 6 6 25 5 
1,000 8 8 7 z 50 10 
1,500 9 9 8 8 75 15 
2,000 10 10 9 8 100 20 
2,500 11 11 10 9 125 25 
3,000 12 12 11 9 150 30 
3,500 13 13 11 10 175 35 
4,000 14 14 12 10 200 40 
5,000 16 16 14 12 250 50 
6,000 17 17 15 12 300 62.5 
8,000 20 20 18 14 350 80 

10,000 24 24 20 16 400 100 


oe le ee 


It is assumed in the above table, that: 

Temperature of outside air—0°; 

Temperature of air entering rooms—160°; 

Temperature of air in rooms—70°; 

Changes of air in rooms, 8 per hr. 

Velocity of air in hot-air flues, 1st floor, 3 ft. per seeond. 

Velocity of air in hot-air flues, 2d floor, 4 ft. per second. 

Velocity of air in foul-air flues, 1st and 2d floors, 3 ft. per 
second. 

Proportion of grate surface to heating surface, 1 to 30. 

Lbs. of coal burned per sq. ft. of grate surface per hr.— 
3 lbs. 


MECHANICAL HEATING AND VENTILATION 


Mechanical or fan heating consists in first driving the 
cold air over heated surfaces, and thence into the rooms 
to be warmed. The general arrangement of this system 
of heating consists of one or more rotary fans located in 
what is called the tempering room. The fan is driven by an 
electric motor, or by a gas or steam engine; and its funce- 
tion is, first, to draw the outside, cold air through temporary 
coils, into the tempered air-chamber, and then force the air 
through a series of heating coils into the hot-air chamber. 
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From this chamber, the air, at a temperature of 130° 
to 140°, is allowed to pass to the various rooms as re: 
quired. 

When used for ventilation only, the air is delivered by 
the fan directly from the tempered air-chamber to the rooms, 
the heating of the rooms being done by direct radiation. The 
temperature of the air as it leaves the ventilating fan ranges 
from 60° to 70°. 

In some systems the fan is made to perform the double 
function of heating and ventilating the building. This is 
known as the double-direct system, and is the mechanical 
system in most extensive use. In this system the heating 
surface is concentrated near the fan, and a flue or passage 
is provided directly over it for hot air, and another passage 
around it for cool air. These two flues are kept separate 
for some distance, but join at the bottoms of the vertical 
flues leading to the rooms. 

Regulating dampers are arranged in the rooms in such a 
manner that the admission of ventilating air, and the 
throttling of heated air, or vice versa, are entirely under con- 
trol of the occupants of the rooms. 

Heating Coils. The heating surface employed in this sys- 
tem is usually built of inch pipe set vertically into a cast- 
iron base and connected at top with return bends, although 
the box coil, or any form of indirect radiating surface can 
be used. The heaters should be designed to afford free cir- 
culation of the steam, and a ready removal of the water of 
condensation. 

A heating surface will emit from 600 to 1,000 B. T. U. 
per sq. ft. per hour, and should average 1 sq. ft. for every 
13 to 15 cu. ft. of air heated from 0° to 120° F. per minute. 


TABLE 47 
Dimensions and Capacities of Heater Coils—Fan Heating 
Lineal feet Net air Size of fan. 
capacity of —Connections.—— ‘Spacein Regular Steel 
l-inch pipe. Steam. Drip. Bleede¥. .sa ft» Disc, Plate. 
200 bis Me i aed ag” 5.4 30. 80 
300 bp PM ae, 4” 7.6 36 90 
400 Die ye 14%" 4 10.7 42 100 
525 ye! 1%” ae? 14.3 48 110 
650 Didls 144” 1 17.7 54 120 
825 24,” 14%” bpd 22.2 60 140 
1,175 21%" 1%” lee pie 72 160 
1,525 ond On 2 1%” 40. 84 180 


2,025 Cate Pip 134” 52.5 96 200 
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The heater should be designed so as to allow ample area 
for the passage of air through, between the coils, at a 
velocity of about 1,200 feet per minute. Tempering coils 
should be not less than 12 pipes deep. 

Table 47 gives dimensions and capacities of heater coils 
designed for use in connection with the fan system of heat- 
ing. Sizes of fans are also given, the information having 
been supplied by the American Blower Company. Table 
48 gives detailed information relative to dimensions and 
capacities of fans, together with motive power. 


TABLE 48 
Dimensions, Capacities, and Motive Power of Fans 
FAN WITH STEEL-PLATE HovusIne. 


——eao—=———xXxX<XKs—__—_——- nk ee es 


é q A poset 

s S ngine . 

3 B 3 Inlet, Outlet. Cyl ace Weights. 

a n . in. 
fw tw Size Se en 
=i ie of : - 

& 3S 3S Pulley. 5 

S 3 3 In, : £§ Size. CR 2 Fan Single | Double. 
els] os 3 $ F4 Te s § bo 3 Only. | Engine. | Engine. 
ala A. Al< < |”/0 

=> 7 | YS I I 
70| 42 4 14 64 26 | 530] 24 x24 576|4* 4|3* 3] aco 1290 1330 
80] 48 | 2 10x 8 30 | 706) 2644x2614 | 702/14 %4]3 x 3] » 1300 1590 1630 
9°] 54] ary | 18x oe] 34 | 907] 30 x30 | goolsxsi4gx4l 650 2150 2190 
100] 60 | aye | 20x10 38 |x134] 34 x34 tr56|6x 6\5x5 2000 2640 2850 
110] 66 | 2% | 22x ia 42 |1385| 37. 37 T369/E x Bi5 x 5 2500 3140 3350 
120] 72 | 2}9 | 24x12 46 |1661] gt x gt 1681}7 x 7/6x6 3000 3870 4300 
140} 84 | ayy | 28x ne 53 [2206] 4714x 47 2256) .../7*7] 4000 5600 5700 
| 96] 3r6 | 32x10 60 |2827] 5346x5344 |2862 7%7| 5200 6800 


Size of Air-Ducts. Sizes and capacities of air-ducts are 
to be determined by the velocity of the air passing through 
the ducts. For main ducts of large dimensions, the velocity 
of the air may be 1,500 ft. per minute. For branch mains, 
the velocity varies from 800 to 1,000 ft.; it should not exceed 
1,000 ft. per minute. 

The velocity in flues leading to the various rooms de- 
pends upon their size, but should range from 600 to 800 ft. 
per minute. In case the size of these ducts is very small, 
the velocity is often reduced to 400 ft. per minute. 

At the registers, the velocity should not exceed 300 ft. 
per minute, unless the registers are very large, and so located 
that the current of air issuing from the register does not 
directly strike the occupants of the room. In such installa- 
tions the velocity of the issuing air may be as high as 500 
ft. per minute. 

If these proportions for air velocities are adhered to in 
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the installation of a system of mechanical heating and ven- 
tilation, the resistance will be from .3 to .6 ounce pressure 
for the system. 

Protection from Fire. Where hot-air or steam pipes pass 
up through partitions near woodwork, there is always more 
or less danger of fire, the extent of the danger depending 
upon the insulation of the heat conductors, the proximity of 
these conductors to woodwork, and the methods pursued in 
the installation of the system. Various cities and municipali- 
ties have in force various laws regulating the installation 
of heating plants; but one of the best rules—if not the best 
—to be observed when installing a plant, is to properly in- 
sulate all heat conductors. This rule is not only safe, but 
it is also on the side of economy. 


Plot 


Plumbing 


Under this general term is included: 

(1) The water supply to the building, and its proper dis- 
tribution to the various fixtures; the proper arrangement 
of all traps and vent lines; the installation of apparatus for 
heating the water for culinary purposes, and the proper in- 
stallation of all plumbing fixtures, together with such me- 
chanical appliances as house, and fire pumps, suction and sup- 
ply tanks, besides other apparatus connected with the use 
of water. f 

(2) No less important than the water supply is the proper 
drainage of all waste matter from the building; and this also 
is a portion of the plumber’s duty. 

Notwithstanding the importance of the plumber’s work, it 
is as a rule given very little attention by the average archi- 
tect in the preparation of plans and specifications.. The 
plans may show a toilet-room located here, a sink there, 
lavatories scattered promiscuously about; and there may be 
a few lines on the basement plan to indicate the general 
direction of the sewer, but seldom more. It therefore falls to 
the lot of the plumber to figure, if he can, how to reach 
the various fixtures with his lines. He must also find the 
best locations he can for water-heaters, pumps, and tanks; 
also where to install the risers and vent lines. The incom- 
plete nature of the drawings is very often recompensed, 
to some extent, by carefully outlined specifications, although 
these may at the same time be inadequate and indefinite, 
abounding in such terms as “pipes of ample size,” “valves sat- 
isfactory to the architect,” ‘water-heater of sufficient ca- 
pacity,” etc., thus placing upon the plumber practically the 
entire responsibility for the designing and proper working of 
the system, 


WHAT PLUMBING PLANS SHOULD SHOW 


The plumbing for a building should be so indicated in 
the drawings and described in the specifications as to cover 
everything required, and so clear and concise as to be readily 
understood by the average plumbing contractor. The posi- 
tions of all mechanical appliances in connection with the 
plumbing should be clearly shown, upon whatever floor plan 
such appliance may be located. All runs of piping through 
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basement, together with the size of same, should be con- 
cisely indicated in the basement drawing. House traps, bell 
traps, area drains, sump pits, conductor lines, etc., should 
be located beyond dispute. Branches to risers, with size 
plainly indicated, together with location of such risers, should 
be shown; and valves and stop-cocks should be plainly in- 
dicated. 

In addition to the plumbing lines shown on the plans, 
there should be prepared a riser diagram showing the serv- 
ing of each and every fixture on each floor of the building. 
This riser diagram should show clearly all water lines, waste 
lines, soil lines, vent lines, fire lines, etc., at each and 
every floor throughout the building, giving the relative posi- 
tion and arrangement of the waste and vent lines for each 
fixture, with the sizes of all lines plainly designated. Pipes 
of the various characters can be indicated by different kinds 
of broken or dotted lines, with a properly arranged index 
on the drawing, showing the kind of service each line per- 
forms. 

Where there are groups of fixtures, and where it is de- 
sirable to show connections to pumps, house tanks, filters, 
etc., it is advisable to prepare, on a larger scale than is 
ordinarily used, a detailed drawing showing the exact ar- 
rangement of all piping, together with all fittings, joints, 
valves, traps, etc.; but where the plumbing is ordinary 
straight and simple work, such detailed drawing may be 
omitted. 

The specifications should indicate in the clearest pos- 
sible manner the quality of the materials to be used, and the 
method of installation. 

The location, size, depth, and general direction of the 
street sewer, if there is any, should be clearly described; 
and if there is no street sewer, the final disposition of the 
sewage should be given in detail. 


The location and size of the city water main from which 
the water supply is to be taken should be plainly stated, 
along with the water pressure at source of supply. This 
information can be obtained in any well-regulated munici- 
pality, where it is always kept on file. The specification 
should list accurately the number of each style of fixtures 
to be located on each floor of the building, and should 
give such an accurate and detailed description of such fix- 
tures and the trimmings as to leave no doubt as to what 


is desired. 
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SEWER AND CONNECTIONS 


The first thing to be considered in the layout of a plumb- 
ing job is the sewer and connections. 

The sewer is usually constructed of salt-glazed vitrified 
sewer-pipe, laid to an even grade, joints made with Port- 
land cement and clean, sharp sand (1 part cement to 2 parts 
sand), all joints to be carefully swabbed on the inside after 
making. 

Connections to main sewer should be made with a Y; 
or, if main sewer has no Y connection, the entrance to the 
sewer should be made in such a manner that the sewage will 
strike at an angle in the direction of flow in the main 
sewer. From the main sewer, the branch for the building 
should continue with a gradual incline up to the same, and 
should terminate at a point not less than 5 ft. from the 
building, from which point it is to be extended into the build- 
ing with cast-iron soil pipe, preferably the “Extra Heavy” 
grade. 


Sewer Traps and Ventilation 


The utility of a house, main, or intercepting trap in the 
sewer line is a question that has called forth considerable 
discussion, both for and against, and both sides have their 
good and bad points. The Building Department of the City 
of New York specifies that “an iron running trap must be 
placed on the house drain near the wall of the house, and 
on the sewer side of all connections—except a drip-pipe, 
where one is used. If placed outside the house, or below 
the cellar floor, it must be made accessible in a brick man- 
hole, the walls of which must be 8 in. thick, with an iron 
or flagstone cover. When outside the house, it must never 
be less than 3 ft. below the surface of the ground.” 

Whether a trap is used or not, the soil stack (or stacks) 
should always extend up to and through the roof. It should 
never be connected to a chimney. No steam exhaust, boiler 
blow-off, or drip-pipe should be connected with the house 
drain or sewer. Such pipes should first discharge into a 
proper condensing tank; and from this a connection to the 
house sewer outside the building should be provided. In low: 
pressure systems the condensing tank may be omitted, but 
the waste connection should be as above required. When 
rain-leaders or downspouts are connected to the sewer, the 
proper size of pipe may be determined from table 1, which 
is based on an average rainfall. All leaders should be 
trapped at the base. 
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TABLE 1 
Size of House Drains for Carrying Rain Water 
¥,-inch fall ¥-inch fall 
Size of Pipe Per foot Per foot 
D-lDs elpatote 3,700 sq. ft—roof area.. 5,500 sq. ft.—roof area 
G-Lilern ee 5,000 sq. ft.—roof area.. 7,500 sq. ft.—roof area 
7-in..<... 6,900 sq. ft.—roof area—10,000 sq. ft.—roof area 
SAN eee 11,600 sq. ft—roof area. .13,600 sq. ft.—roof area 
9-in'sitcin es 11,600 sq. ft—roof area. .17,400 sq. ft.—roof area 


An easy rule to remember in this connection is to allow 
1 sq. in. pipe area for each 250 sq. ft. of roof area. A cistern 
overfiow should never be connected into the house sewer if 
it can be avoided, as there always exists the possibility of 
the sewer choking or clogging up, and backing up into the 
cistern. When a cistern overflow must go into the sewer, 
there should be a trap and vent pipe inserted in the pipe 
leading to the sewer. 

Sizes of House Sewers 

House sewers and house drains should be at least 4 in. 
in diameter where water-closets discharge into them. Where 
rain water discharges into them, the house sewer and house 
drain, up to the leader connections, should conform to the 
sizes indicated in Table 1. Full-size Y and T branch fittings 
for hand-hole clean-outs should be provided. 

It is good practice to run the sewer pipe one size larger 
than the soil-pipe that discharges into it, owing to the greater 
frictional resistance orf the clay sewer pipe. For instance, 
if the soil-pipe is 4 in. in diameter, the sewer should be 5 
in., but no larger unless other soil-pipes discharge into it, 
in which case its internal area should be such as to insure 
its being able to carry away the total discharge when it 
is flushed or nearly so. It is better, however, to install a 
size that will be flushed, or nearly so, by the water flowing 
through it, than to install a size so large that the water 
passing through it reaches only part way up the sides, since 
in the latter case there is a tendency to allow the floating 
matter to adhere, and in time the accumulation may cause 
a stoppage. 

Care should be exercised, that the house drain be not 
given too much incline toward the street sewer, as there is 
danger that the water may travel so rapidly as to run ahead 
of the solid matter, allowing the latter to be deposited in 
the pipe to present an obstruction to the next discharge. An 
average velocity of 276 ft. per minute in the flow of the 
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sewage will carry all matter from the sewer. Ordinarily, a 
fall of 1%, in. per foot is more than ample. 

Sewage is carried along in the pipes only by flotation. 
It is therefore very important that the size of pipe, and 
‘velocity of flow be calculated correctly. 

Table 2 shows the fall or pitch required for various sizes 
of sewers, the average velocity of flow to be 276 ft. per 
minute. 

TABLE 2 


Fall Per Foot, Giving Flow of 276 Feet Per Minute in Various 
Sizes of Sewers 


Size of j Fall or Pitch 

Sewer Required 
Bane ie iayon she dt) Tivin’ 20-f& 
Sn AG snk 1 ft. in -30 ft. 
A= Sas sss of i. fit. in 40 f¢ 
S-1n Se e's ates x 1 ft. in 50 ft 
Gani oc ieee et ihiieein wy 60Ate 
Tel D eee wis or hake 1Sft. inG0Tte 
Sel Dicrecevatetoheve eels 1 tin s0 Lhe 
ONE conus arsaseue ft ft. In) 905 Et 

DOAN ise inzeciejems) Pit. in) 100 58 


Fresh-Air Inlet 
A fresh-air inlet should be installed in connection with, 
the main trap, for the purpose of relieving the air-pressure 
that may accumulate in the system, and to create a current 


Fig. 1. Installing a Trap and Fresh-Air Inlet. 


of fresh air throughout the entire system of piping. This 
fresh-air inlet should be installed at a point a short dis- 
tance beyond the trap, so as to avoid the possibility of the 
water seal becoming frozen in the winter, and also to de- 
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crease the evaporation that will occur if the inlet is intro- 
duced directly into the hub or top of the trap. It is good 
practice to use a trap with hubs for double vent, as this will 


allow clean-outs to be placed on both sides of the water ~ 


seal, and afford free access to the sewer for cleaning pur- 
poses. Fig. 1 illustrates this method of installing a trap 
and fresh-air inlet. 
Roughing In 

At this point a few words may well be said regarding 
the proper method of handling soil-pipe. The best way to cut 
soil-pipe is with a narrow, sharp-pointed chisel and a me- 
dium-weight hammer. This gives better results to the aver- 
age mechanic than the use of three-wheel cutters, on account 
of the liability to crack the pipe, which is very easily done 
with the cutters because of the pipe not being of uniform 
thickness throughout, and because with the cutters this varia- 
tion in thickness cannot be so easily detected as with the 
hammer and chisel, the ear being of great assistance in de- 
termining where the pipe is thick and thin. Lay the pipe 
on the floor, and place a narrow piece of wood under the 
place marked for cutting. The pipe should be marked with 
chalk entirely around at the place where it is to be cut. 
Then use the chisel and hammer. Filing a groove around 
the pipe where it is to be cut is not necessary, since the 
chisel will make a clean, square cut if properly used. 

Table 3 gives the weights per foot, of soil-pipe and vent: 
pipe of various diameters. ' 

TABLE 3. 
Weight of Soil-Pipe and Vent-Pipe 
Weights per Linear Foot 

Diameters “Extra Heavy” “Standard” 

2-in....-. 5% pounds........ 34% pounds 

8-in...... 9% pounds........ 4% pounds 

4-in......- 13 pounds........ 6% pounds 

5-ineeccesct 1’) POUNdS. se¢ee0) O73) DOUNGS 


6-11 see COLDOUNGS....c9 19 LO4e DOUndS 
t=LTNe a eicor oho 27 pounds........ 14 pounds 
aN es OOS 831%4 pounds........ 17 pounds 
WSs coda 45 pounds........ 23 pounds 


12:in.....-) b4 pounds........ »s pounds 


Soil-Pipe Joints 
All joints should be made with picked oakum and molten 
lead, and must be gas-tight. Twelve ounces of fine, soft pig 
lead for each inch in the diameter of the pipe, is the proper 
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proportion to use at each joint. Table 4 gives the correct 
quantities of lead and oakum, for making joints with various 
sizes of soil and vent pipes. 


TABLE 4 
Lead and Oakum Required for Soil-Pipe Joints 


SS ee 
—————————————— 


S1zp oF PIPE LEAD PER JOINT OAKUM PER JOINT 
ee ae | ee 
INCH ic vie owe 819 «10° 1% pounds 3 ounces 
3 Migleveietolateonets ere 2% s Gre se 
CWA eee 2.00e 3 ee tas 
Gi one ee neta ieieranere's 3% e Bie 
GRRE Ri cre cle werestar 4% ss OE the 


The proper method of making a soil-pipe joint is to care- 
fully pack the same with oakum, and leave a space of 14% 
inches for the lead. The oakum must be calked tightly be- 
fore pouring in the lead. If the pipe has not been cut exactly 
square across, care must be taken that none of the oakum 
is driven into the pipe to present an obstacle to the flow 


NS 
N 
N 
Q 
\ 


Fig. 2. Soil-Pipe Joint. 


of waste matter, and in time cause a stoppage. The joint 
must then be poured with the hot lead, in one pouring; and 
after the lead has cooled, it should be calked tight with the 
proper calking chisels and a light hammer, bearing in mind 
that every blow of the hammer creates a pressure on the hub 
which may crack the hub unless the operation is carefully 
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done. The joint should always be run full at one pouring; 
if this is not done, the lead should be pieked out and the 
joint poured again. 

Pouring lead in an upright joint is a very simple mat- 
ter; but a horizontal joint requires different handling, and 
recourse is had to a joint-runner made of asbestos, which 
clamps around the pipe in such a manner that it leaves an 
opening on top for the pouring of the lead. Clay or putty 
may be used for this purpose, but are makeshifts and very 
unsatisfactory. 

Fig. 2 shows a sectional view of a properly constructed 
soil-pipe joint. 

If there is dampness in the joints, placing some pulver- 
ized rosin in the hub before pouring will be beneficial. 
The lead should always be hot; and none but lead free 
from solder or other metals should be used, in order to avoid 
cracking the hubs when calking. 

Piping System 

Following is a list of the different pipes with which the 
plumber must deal in the installation of a job of plumbing. 
The proper function of each pipe is also given. 

Drain-pipes, which are horizontal and receive the dis- 
charge from the vertical or upright pipes. 

Soil-pipes, which receive the discharge from the closets. 

Waste- pipes, which receive the discharge from fixtures 
other than closets. 

Vent-pipes, which relieve the air pressure: on the system, 
prevent siphonage, and create a circulation of air through- 
out the system. 

Water-pipes, which supply water to the various fixtures. 

Table 5 gives minimum diameters of soil and waste pipes. 


TABLE 5 
Minimum Allowable Diameter of Soil-Pipe and Waste-Pipe 

Diameter 
Maimesoil-pie at iare vets ats aneve «false o/si1+ =iaielalelalelain oles os|~ o=1e)~ 4 in. 
Main soil-pipe for water-closets on 5 or more floors...... 5 in. 
Branchs SO1)-pl pe merci cietele eles c cvrileiolel + «1c elialeleie ave’ lol e)exols eisie'« 4 in. 
Main Waste-piDe. cis cc rece es cess ersiccccresssscerescs 2 in 
Main waste-pipe for kitchen sinks, 5 or more floors...... 3 in. 
Branch waste-pipe for laundry tubs..................- 1% in. 
When set in ranges of 3 or more tubs.............----- 2 in. 
Branch waste-pipe for kitchen sinks............-+.+++4+- 2 in. 
Branch waste-pipe for urinals..........sssceeeeeeeeeees 2 in. 
Branch waste-pipe for other fixtureS........s.++--+e- 1% in. 
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U% Lavatow 


of 2*rz00r 


Fig. 3. Basement Roughing-In Plan. 


Let Figs. 3, 4, and 5 represent respectively, the basement, 
first-floor, and second-floor plans of a building in which the 
plumbing is to be installed. Assume the following to be a 
list of the fixtures required. 


2 : 1 Two-part Wash-Tray. 
ASEMORE PI ee ere en ToWlogr Grain 
1 Sink. 
Mirstvhloors aero. er cseien 1 Forty-Gallon Range Boiler. 


1 Lavatory. 
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Fig. 4. First-Floor Plan of Residence. 
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Fig. 5. Second-Floor Plan of Residence. 
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( 1 Lavatory. 
DCCONMPLIOOTMs ce sislesisis isle oeis a> batntup: 
[1 Water-Closet. 


First will come the roughing-in measurements of the vari- 
ous fixtures, in order to so locate the pipes that they will 
be in exactly the right places when the floors are down and 
the plastering done. These measurements should always be 
entered in a small memorandum book for future reference. 


Fig. 6. Wash-Trays or Laundry Tubs. 


The wash-trays—or laundry tubs, as they are sometimes 
called—are of the style shown in Fig. 6, with rough brass 
continuous waste and trap as in Fig. 7; and are to be sup- 
plied with hot and cold water through Fuller bibbs, as shown 
in Fig. 6. 

The floor drain is like that shown in Fig. 8. 

The kitchen sink is of the type illustrated in Fig. 9, with 
nickel-plated trap, with waste to floor and vent to wall, and 
nickel-plated Fuller bibbs. 

The range boiler is shown in Fig. 10. It is to be erected 
on a stand (Fig. 11), and connected to the kitchen range, and 
also to 2 gas heater as shown in Fig. 12. 


Fig. 8. Floor Drain. 


Fig. 7. Continuous Waste and 
Trap from Wash-Trays. 


Fig. 9. Kitchen Sink. 
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Fig. 10. Range Boiler. 


Fig. 12. Range Boiler 


Connected to Gas 


Heater. 


Stand for 
Range Boiler. 


Fig. 11. 
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The first-floor lavatory (Fig. 13) is fitted with nickel-plated 
Fuller basin corks, and nickel-plated trap to wall. 


Fig. 13. Lavatory on First Floor. 


The lavatory in the bathroom (Fig. 14) is also fitted with 
nickel-plated Fuller corks, and nickel-plated trap to wall. 

The bathtub is a 5-ft. tub of the type shown in Fig. 15. 

The closet is of the low-tank type illustrated in Fig. 16. 
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Having looked over the fixtures and noted the roughing-in 
measurements, a start can be made on the vertical pipe work. 


Fig. 14. Bathroom Lavatory. 


Vertical Pipe Work 
Fig. 17 is an elevation of the sink and wash-tray stack, 
which can be installed at once. Into the bend in the drain- 
pipe that is looking up, first calk a 2-in. Y; and in the outlet 
of this Y, calk a 2-in. clean-out plug with brass cover and 
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square head, for the purpose of clearing the pipe at any time 
a stoppage may occur. Continuing to the basement ceiling, 
place a 2-in. Y for the sink waste. It may be necessary to 
use an offset here—that is, change direction, and carry the 
piping along to where it will be in position to pass up directly 
through the first-floor partition. Then, continuing upwards to 
a point about five feet above the first floor, place a 2-in. 
tapped tee (see Fig. 18) for the vents from the kitchen sink 
and the wash-trays; and then continue on up to and through 
the roof, enlarging the pipe to 4 inches just below the roof, 
and placing a roof-flashing at the roof. 


Fig. 15. Bathtub. 


There are a number of different styles of roof-flashings, 
any one of which may be used, provided it will prevent the 
water from leaking through and provided it has good wear- 
ing qualities. By enlarging the pipe to 4 inches where it goes 
through the roof, the danger of the pipe becoming closed 
with hoar frost is avoided. This same precaution applies to 
any soil or vent stack carried through the roof. 

The next step will be. to get in the waste and vent-pipes. 
For the sink waste there will be required a 2x114-in. brass 
ferrule, and about two feet of 1%4-in. lead pipe. After wiping 
the lead to the ferrule, calk same into the Y left for that 
purpose, after bending the lead pipe to the proper place to 
receive the sink trap. : 

Into the tapped tee which was left for the vents, screw 
a 2x1%x1%-in. tee with nipple of right length, and drop out 


j 
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of the side opening to the basement for the wash-trays, and 
out of the end opening to the sink. Here are needed for 
the sink, and also for the trays, a 114-inch female soldering 


a 
| 


cae ae 


Fig. 16. Low-Tank Type of Water-Closet. 


nipple, and about 15 inches of 1%-in. lead pipe. After wiping 
the necessary joints, screw the pieces onto the pipe, after 
bending the same to the proper angle. Then, close the ends 
so that the job can be tested, which will complete this stack 
until time for setting the fixtures. 
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It will be seen that when setting these fixtures, it will be 
necessary to wipe a joint between the vent-pipe now in, and 
the vent-pipe from the traps; and this connection will leave 
plenty of “spring” in the piping for expansion and contrac- 
tion. In some localities the connection between the 
vents in the wall and the trap vents is made by means of 
slip joints, with a rubber gasket to make the joint tight and 
allow for expansion and contraction. Various authorities differ 
regarding this subject. It would appear, however, that a well- 
made slip joint would be an advantage in this respect. 

The next work will be on the wash-tray waste, which will 
require to be of the same style as the waste for the sink, 
and the end brought through the basement floor for future 
connection. In some cases, a slip-joint nut (Fig. 20) is used. 


Fig. 20. Slip-Joint Nut. 


Fig. 21. Vent Tee. 


Fig. 21 shows a type of vent tee that is extensively em- 
ployed. This can be obtained with both ends intended for 
connection to iron pipe, instead of the forra shown, which is 
for lead waste-pipes and iron vent-pipes. The part that re- 
‘ceives the pipe from the trap has a long, threaded shank, 
which can be cut off to suit the job it is being used on; and 
this is a very good feature. See Fig. 21. 

The next work in order will be to rough-in the stack for 
the first-floor lavatory. This will be commenced by calking in 
a Y with clean-out, as was done on the sink stack: then con- 
tinue to basement ceiling, where it may be necessary to use 
an offset, as before, to get back into the partition. 

At the proper height, place a tapped tee, 2x2x1% in., with 
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a nipple in the 114-in. opening which will extend 4-in. through 
the plaster. This will allow the use of a slip-joint nut (Fig. 
20) when connecting up the lavatory. 

In the top of this tee, calk a 2x1%%-in. reducing coupling, 
and extend up to a point just below the roof with 11%4-in. 
iron pipe. At this point, screw on a 2x1%-in. coupling to 
calk into a 2x4-in. increaser, and use a short piece of 4-in. 
soil-pipe to extend through the roof, with necessary roof- 
flashing. 


SSE 
i 
rma cal © 
Fig. 22. Ferrule for ee Fig. 23. 
Bath Waste to Closet Tee. Closet Tee. 


This manner of roughing-in is termed continuous venting. 
It is preferable to venting on the sink and wash-trays, since, 
with this style, there is not the chance for the vent-pipe to 
choke up, which is apt to occur with the sink style of venting. 

The vent work on this job will be done with black iron 
pipe, and cast-iron fittings. Galvanized pipe and fittings are 
sometimes used; sometimes black pipe and galvanized fit- 
tings; and sometimes, again, galvanized pipe and black cast- 
iron fittings. In some cases, black pipe coated inside with 
asphaltum and having recessed drainage fittings is used. In 
any case, provision should be made for cleaning the vent-pipes 
at times when needed. When a vent is taken from the top, 
or crown of a trap, grease will accumulate in the vent-pipe, 
and in time will choke it up entirely; and this is where 
“continuous” venting has the advantage. 

The question as to what kind of material shall enter into 
the roughing-in of the job, will be largely governed by local 
rulings where there is an Inspector, and the work will re- 
quire inspection and testing before being covered up. Wheth- 
er an inspection is necessary or not, however, all work should 
be tested before being covered up. 

Next proceed to rough-in the stack for the bathroom. First 
calk-in a clean-out plug into a Y, the same as for the other 
two stacks, and then continue up to the bathroom. Here will 
be required a sanitary tee with a 2-in. opening in the side 


——— 
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to receive the bath waste. There should be a 4x2-in. Y in 
the side opening of the tee, for the lavatory waste. Con- 
tinuing over to the partition,,and extending upwards, insert 
two tapped tees for the bath and lavatory vents, and then 
continue up to a point just below the roof, where the pipe 
should be enlarged to 5 in. and extended through the roof, 
with the necessary roof-flashing. 


Fig. 26. Solder Nipple 
Fig. 24. Used on Vent Work. 
Straight Brass 
Ferrule. Fig. 25. Drum 


Trap Used on 
Bath Waste. 


Fig. 27. Tapered Fig. 28. Style of Fig. 29. Tee for 


Brass Ferrule. Trap Often Used Continuous Vent- 
on Bathtubs. ing with Lead 
Waste and Vent 

Pipes. 


All the soil-pipe in the stacks may be “Extra Heavy” and 
the vents “Standard” pipe; or all may be “Standard.” The 
specifications usually cover this point. 

In the top of the 4-in. sanitary tee, a combination lead 
ferrule, should be calked, as shown in Fig. 22, and this will 
receive the discharge from the water-closet. Fig. 18 shows 
the stack elevation for the first-floor lavatory. 
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- Fig. 19 shows the stack elevation for the bathroom. Ordi- 
narily the closet opening would be in the side of the 4-in. 
sanitary tee; but in this case the opening will be in the top, 
owing to the fact that the first-floor partition is not directly 
under the bathroom partition, and requires an offsetting of the 
pipe-work between the ceiling and the floor. In the side open- 
ing of the closet tee, connect the bath waste, which will 
require a 2-in. ferrule like that shown in Fig. 22, or in Fig. 
24, some 114-in. lead waste-pipe, a 4x8-in. drum trap (Fig. 25) 
for the waste-pipe, a short piece of 1%4-in. lead pipe, and a 
1%4-in. brass solder nipple (Fig. 26). The waste from the tub 
will branch into the drum trap at a point near the bottom; 
and the outlet to the soil-pipe will be taken out at a point 
near the top, but just below the vent branch. 


The wiping on the bath waste can be done before setting 
the same in place, with the exception of the joint where the 
solder nipple (Fig. 26) screws onto the vent-pipe already 
roughed-in, and this can be wiped after the work is set in 
place. The screw-top on the bath trap makes it easily ac- 
cessible for cleaning purposes. 

In the side opening of the 4x2-in. Y which is to run into 
the closet tee, place a 2x114-10-in. lead ferrule (Fig. 22), which 
will require a wiped joint to connect it to the lead vent 
and waste-pipe which is already roughed-in. 

Fig. 23 shows the closet tee used on this installation; 
and, minus the side opening, this is the fitting ordinarily used. 

Fig. 24 shows a straight brass ferrule; and Fig. 27 shows 
a tapered brass ferrule, reducing down to the size of the 
waste-pipe used. 

Fig. 26 shows the solder nipple used on the vent work; 
this is made with either male or female threading. 

Fig. 25 shows the drum trap used on the bath waste. The 
top, being a trifle larger than the body of the trap, will cover 
up the hole in the floor, and make a neat finish. 

Fig. 28 shows another style of trap that is used extensively 
on bathtubs. 

Fig. 29 shows another form of tee that can be used for 
the continuous style of venting where lead is used for both 
waste and vent pipes. 

Fig. 830 shows a new method of joining the closet to the 
soil system, to be used instead of the putty joint that has 
commonly been employed. This makes a very sanitary job, 
and insures a tight joint at this connection, which is by no 
means certain when putty is used. The brass flange is slipped 
over the 4-in. lead pipe extending through the floor for the 
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closet connection; and then the pipe is sawed off at the proper 
distance to allow it to be flanged over into the brass floor- 
flange and then soldered. The graphite gasket is next placed 
in position, and the closet is ready to be screwed in place. 


Fig. 31. Device for Steady- 
ing Bathtub on Uneven 


Floor. 
Fig. 30. Graphite Gasket 
Closet Connection to Soil 
System. 
| 
— 
Fig. 32. Clean-Out Plug. Fig. 33. Type of Ferrule for 
Waste Pipes; Small Joint 
is poured. 


In some instances when the bathtub is set in place, it is 
found that it will not set firmly, but has a rocking motion 
due to the unevenness of the floor. The device shown in 
Fig. 31 will be found very useful to remedy this trouble, and 
is inexpensive. 

Fig. 32 shows the clean-out plug which is placed at the 
foot of the different stacks for cleaning purposes. This has 


Fig. 35. Waste and Vent Fit- 
Fig. 34. Special Tools for ting for Two Fixtures Set 
Calking Joints in Corners. Back to Back. 


aN 
Fig. 36. Roof Flashing. B 


Fig. 38. Roof Flashing. 


—> 
Fig. 37. Roof Flashing. Fig. 39. Increaser. 
520 
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an iron body, and a brass screw; the latter is easily re- 
moved should occasion require it. 

Fig. 33 shows another type of ferrule for waste-pipes. It 
is used by inserting the ferrule into the lead pipe, and pouring 
the small joint as shown. 

There will be times when soil-pipe joints will be en- 
countered in corners where it will be a hard matter to get at 
them to calk them properly with the ordinary tools. In this 
case, the tools shown in Fig. 34 will be found very useful. 

Fig. 35 shows a waste and vent fitting that can be used 
where two fixtures are set back to back. 


Rena 
ft UP 


i caceesees 


Fig. 40. Increaser. Fig. 41. Increaser 
Tapped for Screw 
Pipe. 
ie BER oT tS. 
Fig. 42. Tapped 
Tee. 


Figs. 36, 37, and 38 show various styles of roof-flashings. 

Figs. 39 and 40 shows various styles of increasers, which 
are used at a point just below the roof. They can be ob- 
tained either to calk-in as shown, or with the bottom end 
tapped for iron pipe to screw in. An increaser tapped for 
screw-pipe is shown in Fig. 41. 

Fig. 42 shows one style of tapped tee. 

Fig. 48 shows a brass bath trap that is used where the 
waste work is all wrought iron—or, as it is sometimes called, 
the “Durham” system. 

Soil-Pipe Sizes Allowed by Various Cities 

Municipal regulations ordinarily govern the sizes of soil- 
pipe that are allowed to be installed in towns and cities of 
any considerable size. The regulations in some of the leading 
American cities are indicated in the following: 

Baltimore, Md.; Buffalo, N. Y.; Chicago, Ill.; Cincinnati, 
Ohio; Denver, Col.; Detroit, Mich.; Minneapolis, Minn.; New 
Haven, Conn.; Omaha, Neb.; St. Joseph, Mo.; San Francisco, 
Cal. 

Minimum diameter, 4 in. 
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Allegheny, Pa.; Pittsburgh, Pa.; Scranton, Pa. 


For 1 to 4 water-closets, not less than 4 in. 
For 4 to 8 water-closets, not less than 6 in. 


Jersey City, N. J. 

For 1 and less than 10 water-closets, with other fixtures, 4 In. 

For 10 and less than 20 water-closets, with other fixtures, 

5 in. 

For 20 or more water-closets, with other fixtures, 6 in. 
Milwaukee, Wis. 

For 4 water-closets, 4 in. 

For 10 water-closets, 5 in. 

For 25 water-closets, 6 in. 

For over 25 water-closets, 8 in. 


Newark, N. J.; Paterson, N. J. 
For main soil-pipe, 4 in. 
For main soil-pipe for water-closets on 5 or more floors, 5 in. 
For main soil-pipe for tenements or factories, 5 in. 


New Orleans, La. 
For 1 to 5 water-closets, 4 in. 
For more than 5 water-closets, 5 in. 
In buildings over 5 stories, and having more than 8 water- 
closets, 6 in. 
Philadelphia, Pa. 
For 1 to 6 water-closets, 4 in. 
For 7 to 12 water-closets, 5 in. 
For 13 to 20 water-closets, 6 in. 
If building is 5 up to 12 stories high, 5 in. 
If building is more than 12 stories high, 6 in. 


Cleveland, Ohio; Columbus, Ohio 


The maximum number of fixtures connected to pipe of 
various sizes is indicated as follows: 


Size Pipe Soil and Waste Soil-Pipe Alone 
Branch Main Branch Main 

MAT Pee rara.ceine cisieie ealaic wiles Sebenee 96 12 24 

5 UW ete eters aise ieserenseae (ers ase 296 192 24 48 

Grgayctstetourere trorcielsre erste iste ley ereie 168 336 42 84 

{ PRR ORE niche aot cca. 280 560 70 140 

S Stic Eisiece eer auetarene Searahtie oes 420 840 105 210 

Qe ra evens ser Crsilate escra sieneierets 580 1,160 145 290 

LO ms aeavearersiccke k TN. sibiers See 800 1,600 200 400 

Les rskaxipers -anetots san there sarees 1,060 2,120 265 530 


LDS crental Rar chepelersre/ ore efehsketete ny 1,420 2,840 355 710 
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Washington, D. C. 
For 1 to 12 water-closets, 4 in. 
For 13 to 35 water-closets, 5 in. 
For 26 to 40 water-closets, 6 in. 
Toledo, Ohio 
For main soil-pipe from 6 water-closets or bathrooms, 4 in. 
For main soil-pipe from 6 to 10 bathrooms or water-closets, 
5 in. 
Rochester, N. Y. 
For 1 to 30 fixtures, 4 in. 
For 30 to 50 fixtures, 5 in. 
For 51 or more fixtures, 6 in. 
One water-closet is counted as 2 fixtures; one tuk, or sink, 
ete., is counted as 1. 
St. Paul, Minn. 
For main soil-pipe, not less than 4 in. 
For main soil-pipe for water-closets on 5 or more floors, 5 in. 
For main soil-pipe from more than 10 bathrooms, 6 in. 
3-foot urinal trough or wash-sink, or 1 bath, basin, sink, or 
small fixture, is counted as 1 fixture; and 1 water-closet, 
pedestal urinal, or slop hopper, is counted as 2 fixtures. 
The above shows the sizes used in daily installations in 
various cities where local rulings govern, and all work is 
tested and inspected before being covered up by the other 
trades. 
qe 


frodding Screw 


Walter tine SS 


Brass 357, Ete 


Fig. 43. Brass Bath Trap for Wrought-Iron Waste Work. 


WATER SERVICE PIPES 


The main in the street is usually tapped by the local 
Water Company; and either the connecting pipe is run to 
the curb line by the Company, or else the plumber takes it 
at the point of connection. The kind of piping is governed 
by local rulings. In some sections of the country it is cus- 
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tomary to run lead pipe to the curb, and then either lead 
or iron on into the building. Other places require only a 
short section of lead pipe at the main, usually about 18 in. 
in length; and from this point on into the building the pipe 
may be iron. 

In any case, iron pipe should never be connected directly 
to the corporation cock (as the cock that is screwed into the 
water main is termed), on account of the rigid connection 
being liable to breakage from settling, either of the main, 
or of the earth over the service. For a similar reason the 
service pipe into the building should never be laid in the 
same ditch with the sewer line, unless a shelf of earth is 
left alongside the sewer ditch, on which the water service 
can be laid, and which will insure a good foundation for 
it. Many a plumber has had to dig up the service pipe 
after it has been in but a short time, to repair a leak in 
it caused through settling of the dirt. 

The service pipe should be laid below the frost line, and 
carried as directly as possible to the building. Where the 
service pipe enters the building, it should be provided with 
a good, serviceable stop and waste cock, placed at a point 
easily reached by the occupants of the building in case the 
water should require shutting off at any time on account of 
leaks, bursting of pipes, ete. 

The water service pipes should be put in place before 
the plastering is done or the bathroom fioor is laid. 

Starting the cold-water line at the front wall where the 
service enters, and rising to the ceiling, run this pipe di- 
rectly to the bathroom riser, where a stop and waste cock 
should be placed so that the bathroom can be shut off in- 
dependently of the other portions of the system. 

In making this run, tees should be put in at proper inter- 
vals to provide connections for the other fixtures. 

The bathroom line is carried up to underneath the fioor 
of the bathroom, where it branches to the tub, closet, and 
lavatory. The nipples of these branches are left extending 
through the floor at the proper places, being capped for test- 
ing purposes and to prevent dirt getting into the pipe. 

Next extend the first-floor lavatory supply to the proper 
point, placing a stop and waste cock on this line also. 

It is next in order to extend the branch that supplies 
the laundry tubs, sink, and hot-water boiler, placing stops 
on the wash-tray and sink lines, but placing the stop for 
the range boiler at the top of the boiler. This will cut. off 
the entire hot-water supply for the house; and separate stops 


Se 


PLUMBING 525 


can be placed on the various hot-water lines to the fixtures, 
if desired. The hot water for the bathroom can be either 
extended to the ceiling and carried across to the bath- 
room, or it can be taken to the cellar and carried up along- 
side the cold-water line. The hot lines, after leaving the 
boiler, can be run about the same as the cold-water sup- 
plies; but on both lines there must be a definite place to 
which the pipes will drain, in case it is desired to empty 
the entire system of water. 

In connecting up the range boiler (see Hig: 12) with the 
cold supply, a piece of pipe usually extending to within six 
inches of the bottom of the boiler—known as a boiler tube— 
should be screwed into the boiler coupling to which the 
cold-water supply is connected, for the purpose of carrying 
the cold water down nearly to the bottom of the boiler. 
The object of this is to avoid chilling the hot water, which 
leaves the boiler by a pipe at the top alongside the cold 
water inlet pipe. This cold-water pipe should always have 
a small hole drilled in it at a point about one inch below 
the top of the boiler, to prevent the possibility of the 
water being siphoned out of the boiler, which might occur 
in case the supply were shut off for any reason. This vent- 
hole in the cold inlet pipe should be about ¥-in. in size, 
and should always be turned away from the hot supply, or 
it will throw a spray of cold water directly across the hot 
water leaving the boiler; and it may be difficult to determine 
why a job that is to all outward appearance piped correctly 
will nevertheless not give a good supply of hot water. 


In some cases, it is required that the job shall be sup- 
plied with soft water. This calls for the use of a water lift; 
and the soft water can be either pumped to an attic tank, 
or pumped directly into the system. There are a number of 
water lifts or motors on the market, operated either by elec- 
tricity or by water-power. In the electrically operated lift, 
the necessary wiring will be installed, and the soft water 
end will be connected by a suction pipe to the cistern, 
and a discharge pipe to the attic tank or directly to the 
system of piping through the building. In the case of a 
lift operated by water-power, the cold city water should 
be connected at the opening marked for it on the lift; and 
the waste water can be-discharged to the sewer or run to 
the kitchen sink (if an attic tank is used), in which case 
the lift will pump water whenever cold water is drawn at 
the sink. The discharge and suction on the soft water end 
should ke connected up as before described. 
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Where the soft water is discharged directly into the pip- 
ing, it is necessary to place a compression tank in the dis- 
charge line. This is usually a 30-gallon range boiler, which 
acts as a cushion for the pump or lift to work against, and 
insures a steady flow at the faucets when water is drawn. If 
such a tank were not installed, the water would come in a 
sputtering stream as the lift delivered it into the pipe sys- 
tem. 


ft 7% other Pefrigerator 
of regue rea 
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fefrigerator Waste 
Drip trap mode of piping 


WO" Pluoged Tee 
ae Main Soil Pipe 


Fig. 45. Refrigerator Waste 
Connection to Soil-Pipe. 


Fig. 44. Refrigerator Waste 
Connection to Sink. 


In some cases where an attic tank is used for the storage 
of soft water, a ball-cock, similar to the one used for regu- 
lating the supply to the water-closet flush-tank, is placed on 
the soft-water supply to the tank, being set to limit the 
supply to a certain height of water in the tank. When any 
water is drawn from the tank, the lift will replace it, and 
the supply will then be shut off by the action of the ball- 
cock. 

Refrigerator wastes should never be connected directly 
to any sewer or drain-pipe, but should discharge into a 
sink indirectly, as per Fig. 44; or into soil-pipe, as per Fig. 
45. The use to which the refrigerator is put demands that 
unusual care be taken in disposing of the waste water. The 
piping should be provided with clean-outs wherever there is 
a possibility of a stoppage occurring from the sawdust, etc., 
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used in packing the ice; and the pipe should be run in 
guch 4 manner that it can be readily taken down and cleaned 
if a stoppage occurs which cannot be cleared from the 
clean-outs. 

It is not usually necessary to vent refrigerator traps, since 
the water does not enter the piping, as it does from other 
fixtures, in a large volume, but only as the ice melts, and 
there ig little possibility of any siphonage occurring. 

Waste-pipes from refrigerators should be galvanized iron, 
with ends well reamed. The trap used at the soil-pipe in 
Fig. 45 may be made out of pipe and fittings. The end of 
the waste pipe from the refrigerator extends down into the 
pan (Fig. 45); and the waste to sewer connected toward 
the top of the pan will leave a place for the dirty matter 
from the ice to collect, and this can be removed frequently, 
being thus prevented from entering the waste-pipe. By mak- 
ing the trap seal at the soil-pipe about 6 to 8 in. in depth, | 
there will be little danger of this trap being siphoned from 
the discharge of fixtures on the line above; and even if this 
did occur, the dripping from the ice would soon seal the trap 
again. p 
TESTING THE PLUMBING 

After a job has been roughed-in, and before being cov- 
ered up, it should be thoroughly tested, to obviate the neces- 
sity for any tearing-up of floors or removal of plaster in order 
to locate and repair leaks that may show up after the fix- 
tures are set. 

There are several different methods employed in testing 
plumbing installations, the principal ones being the water test, 
smoke test, and peppermint test, details of which need not be 
given here, 

A careful inspection of the material as it is being put 
in place, will save much trouble at times, as it is an easy 
matter to detect cracked pipes or fittings by tapping them 
with a hammer. The difference in sound between good and 
defective material is easily detected by the ear after a little 
practice. 

Local rulings generally prescribe the form of test to be 
applied to plumbing installations. Many plumbers, where 
there are no local rulings requiring or regulating tests, test 
all their work for their own satisfaction, and are then in 
a position to guarantee absolutely with some degree of sat- 
isfaction, all the work they install 

The added cost for testing does not amount to a very 
large item; and it gives the plumber the advantage of an 
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added prestige when it becomes known to his customers— 
both the customers he already has, and prospective ones— 
that any job he does must be right to his own satisfaction 
before he is ready to turn it over to his customers; and 
this will soon increase his list of clients. There is only one 
way to do work, and that is to do it right. 


USEFUL TABLES, RULES, ETC. 

The experience of practical plumbers has resulted in the 
accumulation of a great mass of useful information which 
has been embodied in the convenient form of ready tables, 
concise practical rules, etc. We now present such portions 
of this accumulated fund of information as will be found 
of greatest practical value in calculating for ordinary plumb- 
ing work. 

TABLE 6 


Carrying Capacity of Sewer Pipes, in Gallons per Minute, 
with Varying Fall in Inches per 100 Feet 


Size FALL PER 100 FEET, IN INCHES 
OF 
PIPE | yin. | 21n. | 31N, | 6IN 9 IN, 121n. | 241N. | 36IN. 
reel wi el ge] gl ge) g 
: 131 G 

6 : 75 105 129 183 224 258 36: iss 

8 . 153 216 265 375 460 527 75 

9 oe 205 240 35 503 617 712 0 1,240 
10 A 267 378 463 755 803 921 1,310 1,613 
12 * 422 59 730 1,033 1,273 1,468 2.07 F 
15 fe 74 1,021 1,282 1,818 2°224 2,464 3,617 4,467 
18 * 1,168 1,651 2,022 2,860 3,508 4,045 5,70 047 
24 es 3,387 4,155 5.87 7,2 8,303 11,744 466 
27 * 4,407 eal 7,674 10.888 13,257 15,344 21,771 26,622 
30 “| 5,908 10.223 | 14.298 | 17:714 | 20:204 | 28120 | 35:518 
36 9,707 S 769 16,816 23,763 29,284 33,722 47,523 58,406 


TABLERY, 
Discharge of Sewer Pipes 
Grade of 1 Foot in 100 Feet 


DISCHARGE DISCHARG 

DIAMETER OF PIPH | Cubic Feet per Second Gallons per Second 

4 Inches: oie eis.s<eip 012s 0.16 1.2 

6 Hee IO OD UIGOn ic 0.49 3.7 

8 epee teen e nes Dat 8.3 

9 4 Soe ed CUS . 1.53 11.48 
10 on OmooeE Stoke eres 2.05 15.38 
12 ON etn eee : 3.4 25.5 
15 ee esioie sienorers oo5 6.29 47.2 
18 teen eee See 10.37 (T.8 
20 ware bie clthestarers 13.85 103.9 


ds 
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Capacity of Sewer Pipe. The carrying capacity, in gallons 
per minute, of sewer pipe laid at various grades, is shown 
in Table 6. 

Discharge of Sewer Pipes. Table 7 shows the discharge 
from various-sized sewer pipes laid on a grade of 1 foot in 
100 feet. 

TABLE 8 


Dimensions and Weights of Galvanized-lIron Range Boilers 


CAPACITY OF WEIGHT, WEIGHT, 


BoILeR S1zn “STANDARD” |*EXTRA Heavy” 
12x60 inches 78 Ibs: 100 Ibs. 
14x60 o 96 «4 1200 5% 
16x60 # 126 ‘* 152) -% 
16x72 Sh 150 “ pl dst 
18x60 ee 1665 ° | 1T8On 
20x60 ee 200 ‘ 215 “ 
22x60 “e 245 “* 270) 48 
22x72 se 285 “ ep bine ey 


Sizes of Galvanized-Iron Range Boilers. The dimensions 
and weights of both “Standard” and “Extra Heavy” galvan- 
ized-iron range boilers are given in Table 8. 

Miner’s Inch. A Miner’s inch of water about equals a flow 


of 12 United States gallons per minute. 
Sheet Lead. The weight and thickness of sheet lead are 


indicated in Table 9. 
TABLE 9 


Weight and Thickness of Sheet Lead 
SNe 


WEIGET PER SQUARE Foor THICKNESS 
g Ibs. ¥s in. 
ee 
a % - 
sues x “ 


Brass Piping. Table 10 gives the weight per linear foot 
of brass pipe of standard iron pipe sizes. 

To Find Centers between Fittings. To find the length 
of piping required to connect fittings where offsets occur— 
that is, to determine the distance between fittings, center to 
center—multiply the length of the offset, in inches, by the 
factors indicated as follows: 
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For 60-degree or 1/6 bends, multiply by 1.1547 
se 45- $ 1/8 a | « 1.4142 
“ 30- 74 1/12 “ ce “e 2.00 
“eé oo ih- “ 1/16 “ec ee 3 2.61 
“c 114,- “ce 1/32 sé ee “ 5.12 
Sse 5 SG aul ic 1/645 ee * 10.22 


For example, suppose that it is desired to know the length 
between centers, of two 45-degree ells, when the offset is 


Pe Sit, 
Since 2 ft. — 24 in., the solution of the problem will be 
as follows: 


24X1.4142—33.9 in. nearly. 
In practice the above result would be called 34 in., which, 
allowing off for the ells, would be the length of pipe re- 
quired. Reference to Fig. 46 will make this clear. 


TABLE 10 


Weight of Brass Pipe 
Iron Pipe Sizes 


NN 
————————— SS nn — — — eee 


WEIGHT PER WEIGHT PER 

SIZE OF PIPE LINEAR Foor S1ZE OF PIPE LINEAR Foor 
4g in -25 lb 2 in 4.0 lbs, 
rem 148 o 2M" 5.75 “* 
if i be | aD 
ge 1.25 lbs eee ree 
J Ve Re 43“ 13.00 ea 
1 2.57 = 5 e 5.75 * 
1% 3:00 0:6 Se 


Fig. 46. Piping Calculation at Offset. 


; Capacity of Storage Tanks. As a basis for figuring the 
size of storage tank required, take the average amount of 
water used daily by one person, which is as follows: 
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Washing dishes ........... ..1 gallon per person daily, 
Honsercleanin ge! fine . 3% fe os 2 4 4 as 
Washing clothes ............ 3 <a _ oe es 
Toilet purposes and bathing. .9 Hi se is bis 
POUND Seas areca fess ys Fis) i & 
REOOC Es ce oie Sets see one oe op a a 
Dy dter closet' se: i). od. vet OF ee ences NSS Naess 
Total average of 25 gallons per person per day. 
TABLE 11 
Dimensions and Capacities of Wrought Steel Tanks 
DIMENSIONS CAPACITY AVERAGE WEIGHT 
4 by ES inches etnies crete ; + gallons ass pounds 
7“ 24 “ ve 170“ 360 
8“ 24 « 200 « 420 “ 
6. 80.08 Sa: 185 “ 450. “* 
Ge SOce meg. 220 « 500 
ES RD Ene 257“ 550 
B20. 2 pL Savwts 300“ 600“ 
SOP S08) crease. 375“ 700 
g « BOM lea gists 325“ 700 «= 
MORO P ie acdeas's 375“ 800 
CTEM, Say ONS ie 425“ 900 
LOGSE A Oe a2 530“ 1,000 * 
“42 « 600“ 1250 “ 
CROCE, Mic he jer) 1,500 “ 
17 4n7 6 850“ 1,750“ 


Table 11 gives dimensions and other data pertaining to 
storage tanks, and in this connection it is well to explain 
that: 

Tanks up to 6 by 22 in. are tapped 1 in. 

Tanks up to 10 by 30 in. are tapped 1% in. ; 

Tanks above 10 by 30 in. are tapped 2 in. 


TABLE 12 
Barometric Pressure at Different Altitudes, with Equivalent 
Head of Water, and Practicable Suction Lift of Pumps 


PRACTICABLE 
Aumirube Banowerese | JaUEtAWENT. | SUCTION LIFT OF 
At sea OP apa ....| 14.7 lbs. per sq. in. 33.95 feet 25 feet 
% mile, or 1,320 ft...| 14.02 Bt oe, 32.38 © 24 
a a 2.640 ** ...] 13.83 ** by th 30.79 23 
Pe B06 Aes) 12.60. agate Ts 29.94 ** ats 
Weegee te 5,280 | 12.02 foe cs 27.76 ‘* 20g: 
RACERS D 28 G00 ES LAL gee 26.38 ** 19 As 
Bee ANF 20 ech D0.88 he Ce one one 25.13 * 18h 
2 A va 10/960 Se eat OLS -AbaM ES, oon 22.82 17 


ere 
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TABLE 13 

Velocity and Volume of Discharge per Minute of Different- 
Sized Sewers 

= ee 


180 FT.PER MIN. | 270 FT. PER MIN. | 360 FT. PER MIN.| 540 FT.-PER MIN. 
3 FT. PER SEC,’ | 444 FT. PER SEC. 6 FT. PER SEC. 9 Fr, PER SEC. 


Di. 
al) ed ed al eee 
<>) o i< oO F o Ey [al 
Zin. (1 ft.in 69 ft.) 54/1 ft.in 30.4 ft.) 81 |1ft.in 17.2 ft.| 1083/1 ft.in 7.6 ft T62. 
Gin. jl ft.in 92 ft.) 96/1 ft.in 40.8 ft. 144 |1ft.in23_ ft.) 192)1ft.in10. 2 ft. 
Gin, {1 ft. in 138 ft.| 216/1 ft.in 61.2ft./824 |lft.in 34.5 ft.) 432|1 ft.in 15.3 ft. 
1ft.in 51,7 ft.| 990)Lft.in 23 ft. 1488 


Sin. 1 ft. in 207 ft. 7 495|1ft.in.92 f£t.|742.5 


For example, a 6-in. sewer, laid to a grade of 1 ft. in 61.2 
ft., will have a velocity of 270 ft. per minute, or 4% ft. per 
second, and will discharge 324 gallons per minute. Other 
grades and discharges can be similarly figured from the table. 

The friction loss caused by ells and valves in pipe work 
can be calculated from the data given in Table 14. 

TABLE 14 
Friction Equivalent of Ells and Globe Valves in Lengths of 
Straight Pipe 


GLOBE VALVE 


DIAMETER OF PIPD ELL IN FEET OF PIPE IN Feet or PIPE 
% LESS OSE IAG 3 feet 4 feet 0 inches 

1 4 “ee 5 ‘ 0 a“ 

1% “6 5 “ 7 “ 0 “a 

144 ae 6 ae 8 “ 0) “ee 

2 oe qT “ 10 “ee 0 ii 

2% 46. 8 “ 12 “ 6 oe 

Sark LOGE: na ts 

344 “ 12 ae 17 « 6 «“ 

452 oe 20°) Se gare 

4% a 15 Ld 22 4“ 6 “ 

5 “oe 17 ae 95 “ 0 “ 

6. 20 a Sore 0g: 

vy “oe 24 i 35 “ee 0 “ 

8 il 27 “e 40 iia 0 “ 

9 “ 80 ai 45 “ 0 “ 
10 “ce 34 Li) 50 “e 0 “e 
12 Gees ioe Fem a 
14 Be SGU Ue 4772 TO He MJ 


If, for example, it is desired to know the friction loss 
in a line of piping, caused by 2 ells and 1 valve, the size of 


pipe being 4-in., by referring to Table 14 it will be seen. 


that one 4-in. ell is equivalent in friction to 14 ft. of pipe, 
and the 2 ells would therefore mean 28 ft., which, with 20 
ft. for the valve, would make a total friction equivalent of 
28+20 feet, or a total friction loss equal to the friction loss 
in 48 ft. of 4-in. pipe. 


ee 


oo ae es 
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PROCESS OF SOLDERING 


The object of soldering is to unite two portions of the 
same metal, or of different metals, by means of a more 
fusible metal or metallic alloy applied when melted, and 
known by the name of solder. The parts which are to be 
joined must be thoroughly clean and free from oxides or 
tarnish. Surfaces may be scraped, filed, scoured, or treated 
with acids to prepare them for soldering. The edges of the 
joint must fit well, and be treated with a flux to aid in the 
operation. 

Kinds of Solder. Solders are known as hard solders and 
soft solders. Since “soft” soldering is the more common 
form, we shall devote our attention to this process. Soft 
solders, also called tin solders, or white solders, consist of 
readily -fusible metals or alloys, and do not possess much 
strength. They are easy to handle, on account of the ease 
with which they are melted. Soft solders are composed of 
tin, lead-tin, and alloys of tin, lead, and bismuth. Plumbers 
solder, also cailed half-and-half, is made of 1 part tin and il 
part lead. This solder melts at 370 degrees F., and is used 
for wiped joints, ete. Ordinary solder for general use with a 
soldering-bit is made of 5 parts tin and 3 parts lead, and 
melts at 350 degrees F. Other variations of these mixtures 
are used with the addition of bismuth for blowpipe work. 


Fluxes. No one flux can be assigned to any one metal as 
being peculiarly adapted to that metal for all purposes. In 
many cases the nature of the solder used determines the flux. 
The fluxes generally used in the soft soldering of metals are 
powdered resin or a solution of chloride of zinc—alone, or 
combined with sal ammoniac. 

A common method of applying resin in soldering is to 
powder the resin, and apply it to the work by means of a 
swab consisting of a small tin or wooden handle to which a 
tuft of cotton or a few folds of cloth have been fastened. If 
a liquid resin solution is desired, the resin may be dissolved 
in alcohol, thus making a sort of varnish. This preparation 
when applied to the surface to be soldered, dries out, leaving 
a thin coat of resin just where it is desired. 

Ordinary acid solution may be made by placing 3 parts 
of hydrochloric acid and 1 part of water in a lead, glass, or 
wooden vessel, then slowly adding small pieces of zinc as 
long as any action of the acid on the zinc can be observed. 
Always put in more zinc than the acid will dissolve, and allow 
the solution to stand several hours. A test should then be 


5384. RADFORD’S ESTIMATING AND CONTRACTING 


made to see that there is sufficient water in the solution. 
To make this test, a small quantity of the solution is re- 
moved to a clean dish, and a bit of clean new zinc is dropped 
in. Now add a few drops of water, and see if any chemical 
action upon the zine follows the addition of the water. If 
there is any action, the original solution should be diluted 
with water until further addition does not have effect upon 
the zinc. Pour off the clear part of the liquor for use. ' Care 
should be taken in this process, since considerable heat is 
present. 

A variation on the ordinary acid solution is obtained by 
dissolving the zinc in three quarts of common muriatic or 
hydrochloric acid without the water mentioned in the pre- 
vious solution. After the acid has dissolved all the zinc 
possible, pour off the clear liquid as before, and add a 
solution made by dissolving 6 ounces of sal ammoniac in a 
pint of warm water. Also, add 4 ounces of chloride of tin 
which has been dissolved in another pint of water. These 
quantities will make 1 gallon of solution, but may be cut 
down proportionately for smaller quantities. The combina- 
tion of solutions will be a little cloudy, but may be cleared 
by the addition of a few drops of the hydrochloric acid. Be 
careful not to add any more acid than is necessary to clear 
the solution. The advantage of this solution is that it will 
not spatter when the bit is applied to it, and also will allow 
the use of a poorer grade of solder. 


Soldering with Bit. See that all surfaces to be soldered 
are clean and free from any material which will prevent the 
solder from sticking. Old work should be brightened by 
scraping, filing, or rubbing with emery eloth. For small 
work, the solder is applied to the bit instead of to the work. 
A small amount of solder may be picked up on the tinned 
part of the hot soldering bit to the place which is to be 
soldered. If the surfaces are clean and properly fiuxed, the 
solder from the bit will readily flow over them and adhere 
solidly. 


When large work is to be soldered, as in the case of 
seams in a tin roof, it is necessary to feed the solder onto the 
seam by melting the bar of solder on the top of the hot 
bit as it is moved along the seam. 


Soldering Bits. Soldering bits are usually made of copper, 
and are “tinned” on the point. To “tin” a bit, the tool should 
be heated hot enough to. melt solder easily; the point of the 
0ol quickly filed bright, and then rubbed through a mixture 
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ot solder and sal ammoniac spread on a piece of tin. This 
action will provide a thin coating of solder over the point of 
the bit. 

Bits should not be heated too hot, nor should they be 
used too cold to produce smooth work. The bit should be 
just hot enough to melt the solder readily. Bits should be 
kept well tinned at all times for good work. ; 

A gasoline blow-torch or a charcoal furnace is best for 
heating the bit. Heating in a soft coal fire causes the tin- 
ning to vanish very quickly, 


Gasfitting 


Ordinary wrought-iron or steel pipe, such as is used for 
water or steam, is suitable for all kinds of illuminating gas. 

Tables of dimensions and various other details pertaining 
to the subject of pipes, are given in the section on “Heating 
and Ventilation.” Galvanized malleable iron fittings are to 
be preferrei for gas, and should be used rather than plain 
iron. 

Before a pipe is placed in position it should be thoroughly 
cleaned out by a blast of air blown through it under pres- 
sure. 

The supply pipe connecting with the street main, and ex- 
tending to the building, should never be less than 1-in. pipe. 
This pipe should be laid with an incline toward the street 
main, as there is always more or less condensation of the 
gas, the result being the formation of a liquid which should 
be allowed to find its way into the street main. 

In fact the, whole system of gas piping in a building should 
be so arranged that any condensed gas will flow back in the 
system toward the street main. 

Drip-pipes in a building should always be avoided. The 
supply main should rest on a solid foundation of blocks; and 
before the trench in which it lies is filled up, it should be 
tested for leaks. 

In fact, the whole system of gas piping should be proved 
to be air-tight and gas-tight under a pressure of air that 
will raise a column of mercury 12 in. high in a glass tube. 
This is equal to about 6 lbs. pressure per sq. in. 

In making the test, all outlets should be capped, or 
plugged. Any good pressure gauge will answer, but a mer- 
cury gauge is best. If the pipes are tight, the mercury will 
not drop a particle; but if there is the least leak the mer- 
cury will show it. The system of piping should remain un- 
der test in this manner for at least one-half hour. It is a 
good plan to paste a piece of white paper on the glass tube 
just on a level with the mercury, to mark its height when 
the pressure is on. 

Where possible it is best to test each floor of piping sep- 
arately. After the test is made, and while the pressure is 
still on, loosen the cap on each outlet separately, and notice 
if the pressure goes down as each one is loosened. This will 
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show if all the pipes are clear, or if there are obstructions 
in any of them. 

The test on the pipes should be repeated just before 
the plastering is commenced, and again when it is finished. 

Center pipes should rest on a solid support fastened to 
the floor timbers near their tops. The pipe should be securely 
fastened to the support to prevent lateral movement. The 
drop-pipes must be perfectly plumb, and should pass through 
guides fastened near the bottoms of the timbers. This will 
keep them in position despite the assaults of lathers, masons, 
and other workmen. 

In the absence of explicit directions to the contrary, the 
outlets for brackets should, as a rule, be at a height of 5 
ft. 6 in. from the floor, except in halls and bathrooms, where 
it is customary to place them 6 ft. from the floor. The 
nipples located at these points should project not more than 
3, in. from the face of the plastering. As lath and plaster 
together are usually %4 in. in thickness, the nipples should 
project 1%4 in. from the face of the studding. 

Drop center pipes should project 114 in. below the furring, 
or timbers if there be no furring, and if it is known that 
there will be no stucco or center-pieces used. Where center- 
pieces are to be used, or where there is a doubt as to 
whether they will be or not, then the drop pipes should be 
allowed to project about 12 in. below the furring. 

All pipes being properly fastened, the drop pipe can be 
safely taken out, and cut to the right length when the gas 
fixtures are put on. 

Gas pipes should never be placed on the bottoms of floor 
timbers that are to be lathed and plastered, for the reason 
that they would be practically inaccessible in cases of leak- 
age, or when alterations are desired; and, in addition to this 
objection, the gas fixture would, be insecure. 

Following is an extract from specifications published by 
the Denver Gas & Electric Compary, which are of particular 
interest to the gasfitter. 

“Always use fittings in making turns; do not bend pipe. 
Do not use unions in concealed work; use long screens, or 
right and left couplings. Long runs of approximately hori- 
zontal pipe must be firmly supported at short intervals, to 
prevent sagging.” 

Table 15 gives the correct sizes of pipes for different 
lengths; also number of burners which can be supplied from 
the various sizes and lengths of pipe. 
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TABLE 15 


Required Sizes of Pipe, and Number of Burners Supplied 


Greatest Sizeof Greatest || Greatest Sizeof Greatest 
No. of Feet Pipe No.of Burn- || No.of Feet Pipe No. of Burn- 


to be Run ers Supplied || to be Run ers Supplied 
20 ft. 34-in. 2 150 ft. 1%-in. 70 
30-ft. ¥Y%-in. 4 200 ft. 2-in. 140 
50 ft. %4-in. 15 300 ft. 2%4-in. 225 
ORI 1-in. 25 400 ft. 3-in. 300 

100 ft. 1%4-in. 40 500 ft. 4-in. 500 


, 


Table 16 shows sizes of connections that should be left for 
the meter. 


TABLE 16 


Sizes of Connections for Meter 


No. of Size of No. of. Size of 


Lights Connection Lights Connection 
3 34-in. 60 2-in. 
5 %4-in. 100 2-in. 
10 1\4-in. 150 214-in. 
20 114-in. 200 21%-in. 
30 1%-in. 250 3-in. 


45 144-in. 300 4-in. 
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Electric Wiring 


For Light, Heat, and Power 


The following abstract of Rules of the “National Electric 
Code” is furnished by the Inspection Department of the As- 
sociated Factory Mutual Fire Insurance Companies: 


RULES OF THE NATIONAL ELECTRICAL CODE 


Contracts. It is advised that all contracts for electrical 
work eontain the following clauses: 

No fittings shall be used which are not listed in the latest 
edition of Approved Hlectrical Fittings, issued py the In- 
spection Department of the Associated Factory Mutual Fire 
Insurance Companies. 

Generators. Generators should be located in clean, dry 
places, away from combustible materials; and a light loca- 
tion rather than a dark one is always preferable. It is not 
desirable to place them in the work-rooms of a plant where 
combustible material abounds, as in the ordinary textile mill, 
though they may sometimes be so located if properly cut off 
from the main room by a dust-tight plank partition. A loca: 
tion suitable for a first-class steam engine is none too good 
for a generator. 

A solid foundation is necessary for smooth running. The 
generator frame should, where possible, rest on timber sup- 
ports, and should be fastened to them by lag screws or bolts 
which do not pass through in such a way as to electrically 
connect the frame with the ground. Two parallel timbers 
are preferable to a four-sided framework, which encloses a 
place under the machine that is difficult to keep clean. 

Motors. The use of voltages above 550 in rooms where 
manufacturing processes are being carried on is rarely ad- 
visable or necessary, and will be approved only when every 
possible safeguard has been provided. Plans for such in- 
stallations should be submitted to the Inspection Department 
before work on them is begun. 

Direct-current motors and alternating-current motors with 
brushes should be so located or enclosed, especially in dusty 
or linty places, that inflammable material or flyings cannot 
accumulate around them and become ignited by serious spark- 
ing at the brushes. Similar protection should also be pro- 
vided in wet places, as most electrical machinery is injured 
by continued exposure to moisture. 
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Alternating-current induction motors of the type without 
brushes can be safely located in almost any part of a textile 
plant without being enclosed, being generally no more danger- 
ous than any other piece of machinery running at the same 
speed. 

For light work, direct-current motors which have all of 
the working parts enclosed in an iron case are on the mar- 
ket, and these “enclosed” motors may be treated in the same 
way as induction motors without brushes. 

Where an enclosure around the whole motor is provided, 
it should include the starting rheostat or auto-starter, as well 
as the main switch and fuses or circuit-breaker, and should, if 
possible, be of such a size as will permit the attendant td 
enter it and easily get at any part of the apparatus. It 
should preferably be made largely of glass, so as to keep 
the motor in full view of the attendants, thus promoting 
cleanliness and making it possible to quickly discover any 
derangement. It should also be thoroughly ventilated, in or- 
der to prevent undue heating of the electrical machinery. 

Where a motor is permitted to be used in a dusty or linty 
place without being enclosed, or if the enclosure provided 
for it is too small to include anything else, the rheostat or 
auto-starter, and the main switch and fuses or circuit-breaker, 
should be placed in a dust-tight, moisture-proof cabinet of ap- 
proved construction. Similarly, in wet places, these accesso- 
ries should be protected from moisture in a cabinet which is 
thoroughly moisture-proof. 

Many A. C. motors are protected by oil-immersed circuit- 
breakers rather than fuses; and, as these circuit-breaker 
cases, aS well as the auto-starter cases, are usually made 
dust-and moisture-proof, no further enclosure is generally 
necessary. 


Switchboards. Switchboards should be made of slate or 
marble, supported on metal frames, and should be located 
well away from combustible materials. They should always 
be open at the sides; and a space of at least 12 inches should 
be left between the floor and the board, and 3 feet, if possi- 
ble, between the ceiling and the board, in order to lessen the 
danger of communicating fire to the floor or ceiling, and to 
prevent the formation of a partially concealed space, very 
liable to be used for the storage of rubbish, oily waste, etc. 

The instruments should be neatly arranged, and the wiring 
on the back should be laid out in a careful and workmag- 
like manner. 
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It is recommended that all live parts, such as bus-bars 
and other conductors, be protected against accidental contact 
as far as practicable by suitable insulation, which shall be 
“flame-proof” or “slow-burning” and designed to withstand a 
reasonable amount of abrasion. The chances of accidental 
short-circuit, and arcing at these points may thereby be 
greatly reduced. Insulated cable for bus-bars and connec- 
tions is excellent for this purpose. However, the conductors 
could be wrapped or taped if this should be found more con- 
venient; but this method should never be used unless it can 
be done well. Special precautions might also be necessary i 
with either method if applied to high-voltage switchboards. 

In addition to the usual measuring instruments and other 
apparatus, the switchboard should contain reliable devices 
for testing for grounds. 


Dynamo Room Wiring. Since there are generally a con- 
siderable number of wires brought close together in this 
room, particularly in the vicinity of the switchboard, the use 
of a “slow-burning” insulation is of great importance; and 
attention is therefore called to the paragraph below on In- 
side Wiring. As automatic sprinkler protection is not always 
advisable in dynamo rooms, the necessity for reducing as 
far as possible the chances of a fire at this point is at once 
evident. The desirability of fireproof construction through- 
out the dynamo room is especially emphasized. 

Special care should be exercised in rigidly supporting 
and thoroughly insulating the wires from generator to switch- 
board, as the main cut-outs are usually on the switchboard, 
and a short-circuit between these wires would, therefore, be 
likely to burn out the armature. 


Outside Wires. All outside lines should be carefully laid 
out through factory yards, so as not to interfere with fire 
streams or ladders, a definite plan being determined upon 
before work is commenced. Many wiremen are very care- 
less about this matter, and, if not cautioned, will run the 
wires in the easiest way, regardless of looks or safety. 

Wherever a high-voltage circuit enters the factory yard 
from a distant station, outside emergency switches should 
be so placed that in case of fire or other accident the current 
can be quickly and safely cut entirely out of the yard. Tele- 
phone or call-bell service from the factory to the power sta- 
tion is not usually sufficiently reliable to make these switches 
unnecessary. Lightning arresters should be provided on all 
wires which are liable to receive lightning discharges. 
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Fire Lights. It is a good plan, where possible, to arrange 
in yards and buildings, on circuits entirely out of the way of 
ladders or fire streams, a few lights which may be thrown 
on at the time of a fire when the main lights are off, enabling 
firemen to move about quickly and safely. 

Such lights can generally be best arranged on entirely 
separate circuits, and will often be useful for repair work 
and for lighting the help into and out of the mill, when the 
main lights are off. These circuits may take current from 
a small, separate generator, driven by an independent engine 
or water-wheel; or from outside lines; or possibly from a 
storage battery, so isolated from the main buildings as not 
to be affected by a fire in them. 

Transformers. Where transformers are to be connected 
to high-voltage circuits, the Inspection Department should al- 
ways be consulted before work is begun or the apparatus is 
purchased, as it is necessary in many cases, for best protec- 
tion to life and property, that the secondary system be per- 
manently grounded, and this cannot be done unless provision 
is made for it when the transformers are built. 

Transformers should always be located outside of build- 
ings, unless special permission is given to put them inside. 
In general, it is dangerous to locate transformers with oil- 
filled cases inside, as it is entirely possible for a break-down 
of insulation to ignite the oil, which may result in a very 
stubborn fire. For the same reason, the placing of these 
transformers on roofs is also objectionable. 

Even transformers which are not oil-cooled may contain 
a considerable amount of combustible material which, if 
ignited, would make a hot fire, especially if the cases are 
ventilated, as is customary with these types of transformers. 
Moreover, a burn-out in the windings may cause dense smoke, 
which might easily be mistaken for a fire and cause fire 
streams to be thrown into the building, with a resultant water 
damage. They can, therefore, be permitted inside of build- 
ings only after the circumstances have been carefully con- 
sidered and the necessary safeguards provided. 

Inside Wiring. Rubber-covered wire must be used in all 
damp places; while rubber-covered or varnished cambric- 
covered wire must be used in all conduit, molding, or con- 
cealed work, and throughout all systems on which the volt- 
age exceeds 550. 

For open work in dry places where the voltage is not 
over 550, rubber-covered wire may be used if desired, but 
slow-burning weather-proof wire fulfills every requirement 
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for such work—in fact is preferable—and is less expensive, 
This wire has special merit for use in linty and dusty places, 
for lint does not readily adhere to the hard, smooth, outer 
surface, as is the case with wires having a weather-proof 
braid on the outside which in warm rooms becomes sticky. 
Moreover, what little lint may collect upon it can be easily 
brushed off, so that, when “sweeping down,” there is much 
less liability of breaking the insulators or badly deranging 
the wires. 

Where of necessity a considerable number of “open” 
wires are brought close together—as, for example, about the 
ordinary distributing switchboard—either the wires should 
have the slow-burning insulation as just described, or, if a 
rubber or varnished cambric insulation is necessary, it should 
be protected by a heavy, slow-burning outer braid. 

The weather-proof and rubber insulations in common usé 
contain a large amount of inflammable material, which ig- 
nites easily and produces a fierce fire and dense smoke. It is 
therefore desirable to reduce, as far as possible, the amount 
of this inflammable material, and to surround it with a tight, 
slow-burning cover to prevent rapid combustion. To still fur- 
ther reduce the amount of combustible material, the porce- 
lain insulators by which the wires are held in place may be 
supported on an iron frame. 

Before beginning work, the circuits should be carefully 
mapped out, and the work so planned as to secure the very 
simplest arrangement. The wiring should then be put up in 
a neat manner, and should present a thoroughly workmanlike 
appearance. 

In many cases far too little attention is given to this mat- 
ter while the work is in progress, the result being a general 
disappointment to all interested in the plant, especially to 
those who understand what a really first-class job of wiring 
looks like. This disappointment is probably felt by nobody 
more than by the owner, when he realizes that with reasona- 
ble care and common sense a better and undoubtedly safer 
equipment could have been installed at practically the same 
expense. 

In mill work, “open” wiring securely supported on porce- 
lain insulators is generally best. Mains of No. 8 B. & S. gage 
wire and larger are usually most conveniently carried through 
space from timber to timber and supported at each timber 
only. Smaller wires thus supported would be liable to be 
broken, and should therefore be wrapped around the beams 
or carried through them in holes bushed with porcelain; or 
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they may be fastened to strong running-boards, well put up. 
The idea is to have the wires so rigidly supported on proper 
insulators that, even if they were bare, the insulation of the 
system would be perfect. All joints should be securely made 
and then carefully soldered and taped. 

Wires should be carefully protected where liable to be de- 
ranged or injured, as in passing from story to story up side 
walls or columns, or near belts, or over shelves and similar 
places where anything is likely to be piled against them. Ex- 
cellent protection can be secured by carrying them through 
iron pipe, first reinforcing the insulation of each wire by en- 
closing it in flexible insulating tubing, unless the wire is 
double-braided rubber, or varnished cambric-covered, in which 
case the insulating tubing is unnecessary. An approved fitting 
should be provided at each end of the pipe to prevent the 
wires resting on sharp edges. 

On A. C. systems, the two or more wires of the same cir- 
cuit should be run in the same pipe to avoid induction ef- 


fects. Even on D. C. systems this arrangement is best, as — 


then the expense and inconvenience of rewiring is avoided 
when it is desired to change such systems to alternating cur- 
rent, which frequently happens. Protection may also be ob- 
tained by strong wooden boxing, with a slanting top to keep 
out dirt, the holes through which the wires enter the top 
being bushed with short porcelain tubes. 

The use of incandescent lamps in series on constant-po- 
tential systems is not approved where the voltage of the cir- 
cuit is over 250. 

Switches. Knife-switches should be enclosed in cabinets 
in all dusty or linty places, or when so located that persons 
would be liable to come in contact with the bare live parts. 
Up to 250 volts and 30 amperes, approved indicating snap- 
switches are considered preferable for use on lighting cir- 
cuits. 

Cut-Outs. Link fuses are not advised for general use 
about a factory and will not be approved unless mounted on 
slate or marble bases made to conform to specifications for 
cut-outs, and enclosed in dust-tight, fireproofed cabinets. 
The ordinary porcelain link-fuse cut-outs are not permissible. 
Approved plug and cartridge fuses may be used almost any- 
where in the ordinary manufacturing plant without the en- 
closing cabinet, such cabinets being necessary only in spe- 
cially hazardous places, or where persons would be liable to 
come in contact with the bare live parts. These fuses- of 
the enclosed type are strongly recommended for general use. 
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In 1903 the enclosed fuse was standardized by a special 
committee of the underwriters in consultation with the fuse 
manufacturers. This was found necessary in order to secure 
an interchangeable fuse for any given capacity, regardless of 
the make. This feature had heretofore been sadly lacking, 
and the result had been great inconvenience, or the use of 
dangerous substitutes, such as fuse wire, wire nails, etc. The 
great advantages of an interchangeable fuse are evident, and 
it is urged that the National Electrical Code Standard fuse be 
used generally. 


Rosettes. Either fused or fuseless rosettes may be used 
as desired. With fuseless rosettes the number of 16-candle- 
power lamps per circuit should not exceed 12, and for con- 
venience the branch cut-outs should be located over alleys or 
in’ other readily accessible places. With fused rosettes, 30 
or 40 lamps could be placed on one circuit if desired; but it 
is better practice to have a smaller number, so that the blow- 
ing of the fuse at a branch cut-out will not extinguish so 
many lights. 

Flexible Cord. With the exception of wet rooms, store- 
houses, and specially hazardous rooms of textile mills and 
the like, approved flexible cord may be used for all pendants 
which hang freely in the air. If the lamp is to be moved 
about, so that the cord is liable to come in contact with sur- 
rounding objects, reinforced flexible cord like that described 
below for Portable Lamps should be provided. »* 

Hither the two insulated conductors which form the cord 
should be carefully knotted together, or else an approved de- 
vice should be used in both socket and rosette, so as to pre- 
vent any strain from coming on the small binding screws 
in these fittings. 

Portable Lamps. In this class of work the fittings are 
subjected to much hard usage, and the very best possible con- 
struction is therefore necessary. Instead of the ordinary flex- 
ible cord made for pendant lamps, a special cord having an 
extra covering of rubber, reinforced by a tough outer braid, 
should be used. 

The cord should be securely fastened to the wall or ceiling 
by a cleat or split knob near the point at which it connects to 
the rosette or supply wires, so that no strain can come on 
this connection. It should also be knotted inside the socket, 
as explained above under “Flexible Cord.” An approved 
metal shell socket with an outlet threaded for %-inch pipe 
should be used, so that the whole cable may be drawn into 
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the socket and still permit the use of a proper socket bush- 
ing. 

The cord of pendants which do not hang free in air, or 
which are liable to come in contact with near-by objects. 
should also be of the reinforced type. 

The bulb of an incandescent lamp, when used in a fac- 
tory, frequently becomes hot enough to ignite paper, cotton, 
and similar readily ignitible materials; and in order to pre- 
vent it from coming in contact with such materials, as well 
as to protect it from breakage, every portable lamp should 
be surrounded with a substantial wire guard. Many of the 
lamp-guards now on the market are very flimsy and utterly 
worthless. 


Waterproof Pendants. For incandescent lamps in wet 
places, approved waterproof sockets should be used. These 
sockets should be suspended by separate, stranded, rubber- 
covered wires, soldered to the socket leads and also to the 
overhead wires. Where the pendant is over 3 ft. long, the 
wires should be twisted together. The entire weight of the 
pendant should be borne by cleats or some other independent 
means, in order to prevent any strain on the connection to 
the overhead wires. 


Arc-Lamps. “Enclosed arc” lamps having tight inner 
globes may, in general, be used wherever desired, although 
in Especially Hazardous Places it is believed that the incan- 
descent lanip makes the safer light and is generally as satis- 
factory. Its use in these rooms is therefore recommended in 
\preference to the are-lamp. Any switches attached to arc- 
lamps, or resistance coils used with them, must be so ar- 
ranged and protected that dust cannot gather around them 
and become ignited by a spark from the switch or by over- 
heating of the resistance or magnet coils. Each lamp or se- 
ries of lamps must be protected by a separate cut-out, and 
the lamps may be grouped, and controlled by switches as 
desired. 

As a matter of regulation, it is not advisable to have a 
very large number of lamps controlled by one switch, as an- 
noying momentary fluctuations in the voltage of the gen- 
erator may result when the switch is closed or opened. 

In general, the use of arc-lamps in series on constant- 
potential systems should be avoided if possible. However, 
if other arrangements of circuits are impracticable, this may 


be permitted on low-voltage circuits where the conditions 
are favorable. 
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Especially Hazardous Places. For incandescent lamps in 
the more hazardous places, an excellent pendant can be se- 
cured by using reinforced flexible cord and a keyless socket 
with an outlet threaded for %-in. pipe and properly bushed, as 
advised for Portable Lamps. The cord should be securely 
supported from the ceiling by a porcelain cleat or split knob, 
and the two conductors should then be separated and soldered 
to the overhead circuit. The regular Waterproof Pendant 
could also be used. As far as possible, cutouts should not be 
located in these rooms; but, if this cannot be avoided, they 
should be of the plug or cartridge type, and should be en- 
closed in dust-tight wooden cabinets of approved construction. 
If it is desired to control the lights from points in these 
rooms, it should be done by snap-switches, which should be 
either enclosed in dust-tight cabinets or located where lint 
and flyings cannot accumulate around them. 

Storehouses. The best and safest light for storehouses is 
the incandescent lamp. Special care should be taken to so 
locate and protect the wires that the handling of storage in 
the building could never derange them. The pendants should 
be of the type advised above for Especially Hazardous Places. 
The cut-outs and switches should be grouped and enclosed in 
dust-tight wooden cabinets of approved construction. Strong 
lamp-guards should be provided, as advised for Portable 
Lamps. 

Telephone, Call Bell, and Similar Circuits. The arrange- 
ment of these wires should be as carefully planned as that 
of the lighting or power circuits. They should be so placed 
as never to be in the way of fire streams or ladders. Where 
possible, the signal wires about the yard should be kept en- 
tirely away from lighting or power circuits. This avoids the 
liability of the two systems crossing if breaks occur, and dan- 
gerous currents being conducted into buildings over wires 
ordinarily considered harmless. 

Where the arrangement is of necessity such that crosses 
might occur if wires broke, protectors should be provided 
near the point where the signal wires enter each building. 
Protectors should also be provided on all foreign lines, such 
as public telephone or fire-alarm wires, and on all private 
lines which are liable to receive lightning discharges. 


MEASUREMENTS FOR ELECTRIC WIRING 


The lengths and sizes of wire required for main and 
branch circuits in any system of wiring for light, heat, or 
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power, are determined by the location of the centers of dis- 
tribution. These are the particular points in a building where 
the cut-out cabinets are located, and from which the branch 
circuits are led off. Theoretically the center of distribution 
should bear the same relation to the circuit that the center 
of gravity bears to any given mass or body. Therefore, in 
laying out an installation, every effort should be made to so 
locate the distributing centers that the load may be as 
evenly divided as possible, and at the same time have each 
distributing center located where it will be easily accessible. 

Measurements for length of wire required for each branch 
circuit are to be taken from the center of distribution for 
that circuit to the farthest lamp or motor that is to be sup- 
plied with current through it, and this distance, multiplied by 
2 for a 2-wire circuit, or by 3 for a 3-wire circuit, will equal 
total length of wire required. Allowance must also be made 
for bends and splicing. 

Size of Wire 

This will depend upon: 

(a) Value of current to be carried. 

(b) Distance, or extreme length of wire. 

(c) Drop of potential allowed. 


Table I, showing the allowable carrying capacity of copper 
wires and cables of 98 per cent conductivity, according to the 
standard adopted by the American Institute of Electrical En- 
gineers, must be followed in placing interior conductors. 

The drop of potential varies from 2 to 2% per cent when 
current is taken from public mains, and from 3 to 5 per cent 
in case current is generated in or near the building by a pri- 
vate generating station, 


WIRING METHODS AND CALCULATIONS 

Three methods of inside wiring and current distribution 
are shown in Figs. 1,2, and 3. In Fig. 1 the service mains 
are run to the main distributing center M, from which four 
main circuits run to the different floors of the building. The 
rules of the National Code require that no wire for inside 
wiring shall be of smaller size than No. 14 B. & S. gage, 
except under certain special conditions. The number of 
lamps allowed on each branch circuit is twelve 16-c.-p., or 
six 32-c-p. The average incandescent lamp consumes 3% 
watts per candle-power; and, in order to ascertain the cor- 
rect sizes of wire for main and branch circuits, it is neces- 
sary to know: First, the maximum value of the current that 
will be required at any time in case the system should be 


Allowable Carrying Capacities of Copper Conductors 
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TABLE 1 
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The lower limit in Table 1 is specified for rubber-covered 
wires, to prevent gradual deterioration of the high insula- 
tions by the heat of the wires, but not from fear of igniting 
the insulation. The question of drop is not taken into con- 


sideration in the table. 


For insulated aluminum wire, the safe carrying capacity 
is 84 per cent of that given in Table 1 for copper wire with 


the same kind of insulation. 


The carrying capacity of Nos. 16 and 18 B. & S. gage wire 
is given, but no smaller than No. 14 is to be used except un- 
der specially favorable conditions. 
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worked to full capacity (this will determine the size of the 
main or service wires); second, the wire composing each 
branch circuit should have a carrying capacity sufficiently 
large to enable it to carry the full amount of current re- 
quired by the lamps or motors connected with it. 
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Fig. 1. Wiring System of a 3-Story and Basement Building, 


Referring to Fig. 1, we may assume it to represent a plan 
of the wiring system of a 3-story and basement building. 

Cc. O. B. is the basement cut-out, from which two circuits 
run. C. O. 1 represent 3 cut-outs and 6 circuits for the first 
floor; C. O. 2 represent 2 cut-outs and 4 circuits on the sec- 
ond floor; and C. O. 3 represent 2 cut-outs and 4 circuits 
on the third floor. As there are 16 branch circuits, the maxi- 
mum number of 16-C. P. incandescent lamps which this sys- 
tem could carry would equal 16X12—192 lamps. 

Allowing a current consumption of 55 watts per lamp, 
which is.at the rate of about 34% watts per candle-power, the 
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total number of watts consumed—192 X55=—10,560; and if the 
voltage is 110, which is the usual rate for incandescent lamp 
service, the amperes or volume of current required will= 
10,560-110—96 amperes. Therefore the value of the current 
to be carried by the service wires from the street mains to 
the main center of distribution M. will—96 amperes at 110 
volts. 

The size of wire required for the service can be calcu- 
lated as follows: Assuming the distance from point of con- 
nection with street mains to center of distribution M, to be 
100 ft., and loss of current to be 2 per cent. This will require 
200 ft. of wire, and 2 per cent of 110=2.2. The sectional 
area in circular mils (C. M.) of the required wire is found 
by using Formula I, as follows: 


IXLX10.8 
GC. Mi. mm ce eee eee Eig ae Die Neie cisis' etelalatets ere (1) 
Vv 
Where I=Current in amperes ....--++eeeeeeeeeereeess = 96 
L=Total length of wire in feet..........-++---- =200 
EAVinhis) Hof bo cain ao sadicuIno oo. SoG rao oor = 2.2 


10.8—A constant=number of ohms resistance of a 
piece of copper wire 1 ft. long, and having 
a cross-section of 1 mil. 
Then, 


96 X 200 X10.8 
— 94,254, which is the cross-sectional 


Cc. M.= 
2.2 

area required for the service wires. Referring to Table 1, 
it will be seen that it is necessary to use Number O wire. 
Although this size wire has a larger cross-section (105,500 
Cc. M.) than is required, still it is much better to use wire 
having too large a carrying capacity than too small, which 
would be the case if No. 1 (the next smaller size) were used. 

Another method of calculating the size of wire may be 
used when the resistance in ohms per foot is known. 

In this method use Formula 2: 


1,000V 


ie 
IXL 
where the same values apply that are used in Formula 1— 
namely, I—amperes; L—total length of wire, in feet; v= 
volts lost. Then, 
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1,000 X2.2 
R— ——————- —.114 ohms, which is the resistance per 1,006 
96 X 200 


feet in length of the required wire. By reference to Table 2 
(Dimensions of Copper Wire), it will be seen in the column 
headed “Ohms per 1,000 Ft.,” that the nearest approach to 
this is .102 ohm, which is the resistance per 1,000 feet of 
No. O wire. 

Branch Circuits. Starting at main distributing center M, 
assume the total length of wire required for circuit A to be 
80 ft. From cut-outs GC. O. 1 are carried 4 lighting circuits, 
each carrying twelve 16-C. P. lamps, making 4X12—48 lamps, 
each consuming 144 ampere, or a total of 48+2—24 amperes 
of current at 110 volts potential, to be supplied. Using For- 
mula 1, and allowing the same drop (2 per cent), we have: 


24X80 X10.8 
Cc. Mi ————- = 9,425 
2.2 


Referring to Table 1, the column headed “Circular Mils” 
shows the nearest approach to this number is 10,380; and a 
glance to the left shows that this is the number of C. M. 
in a cross-section of No. 10 wire. As the lengths and carry- 
ing capacities of circuits A, B, C and D are practically the 
game, it will be seen that No. 10-+wire is the proper size to 
be used in the four branch circuits, while the total length of 
this size of wire required will depend upon conditions, and 
the number of unavoidable deviations from a straight line in 
running the wire. 

Lighting Circuits. From each cut-out box there are two 
lighting circuits leading in the directions desired. Taking 
one of the circuits leading from cut-out C. O. B., if we assume 
the distance from this box to the center of distribution of 
this circuit to be D feet, and allow for a drop of 2 volts in 
potential, the size wire required may be found by Formula 3: 

IX2DX10.8 
0) SS 
2 


where I=amperes required for 12 lamps=6 
D=Distance in feet—48 
Then 
6X96 X10.8 
C. M.= =3,110 
2 
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and according to Table 1 the next highest number above this 
is 4,107, which is the sectional area in circular mills, of No. 14 
wire, which is the proper size of wire to use on this circuit; 
and as the circuit just under consideration is a fair sample 
of all the lighting circuits in the building, we may safely cal- 
culate on using No. 14 wire on these circuits. 


o| [4 
as 
uj gq 
amex 


Fig. 2. Plan for Wiring a Factory | Building. 


Light and Power Circuits. Fig. 2 shows a plan for wiring 
a factory building in which current is to be supplied for both 


lighting and power. ; 
In this system, 4 branch circuits are taken off the service 
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mains at intervals, before these mains enter the last center 
ef distribution at C. D. } 

It will be noted that the service mains are retained at full 
size from the point of their connection with the street mains 
to the main cut-out box C. D. In this plan of wiring there 
are 8 branch lighting circuits, and 4 branch circuits for sup- 
plying current to motors. Four of the branch lighting cir- 
cuits are supplied with current from the service mains before 
the latter reach the distributing center C. D., and the remain- 
ing four radiate from that center. 

The motor branch circuits are connected to the service 
mains between the branch lighting circuits and distributing 
center C. D. 

Fig. 2 shows the building as wired on the 2-wire system, 
and the first problem will be to find what size wire will be 
required for the service mains. 

The total current, in watts, to be carried by the service 
mains will be: 


For—96 incandescent lamps of 16 C. P., rated at 55 watts 
each—5,280 watts for lamps. 

For— 4 motors, 5 horse-power each—total 20 horse-power— 
746 watts per H. P., making a total of 746X20— 
14,920 watts for the motors. 

And, 5,280+14,920—20,200 watts. 

Since the voltage is to be 110, the number of amperes of 

20,200 
current to be carried will be 


—184. 
110 
Allowing for a drop of 3 per cent, what will be the re- 
quired size, in circular mils, of the service mains, assuming 
the distance to be 150 ft. from connection with the street 
mains to the last center of distribution C. D.? 


Using Formula 1, we have: 


IXLX10.8 
Cc. M.—=——_———- 
; Vv 

where [=Current, invamperes ee ces ete rete oie ele ete Seen Ot 

L=Total length of wire, in ft.=150X2........... =300 

¥==VOlts ) lOSt—= 110 Kr03 vee oe aces en ww eis oheceiePomicerelr = oo 
Then, 

184X300 X10.8 


Cc. M.—- 180,655 circular mils, 


3.3 
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and by reference to Table I it will be seen No. 0000 wire will 
be required. 

As the branch lighting circuits in this system are similar 
to those shown in Fig. 1, and each is to carry practically 
the same amount of current, it will not be necessary to enter 
into details regarding the size of wire required, except that 
we might assume one Circuit B) as extending to a greater 
length than the rest. We may assume the center of distribu- 
tion for Circuit A to be located at a distance of 175 ft. from 
the point of connection with service mains. This would mean 
that the length of wire required would be 175X2—350 feet, 
which would require a larger wire. 

The size may be found as follows: Assuming that there 
are to be 2 lighting circuits leading from the cut-out box, 
each circuit to carry 12 lamps (total, 24 lamps) consuming % 
ampere per lamp, or 12 amperes of current in all; and the 
loss or drop in voltage—2 volts. Then, 

12350 X10.8 


Cc. M.= —22,680 circular mils 


2 
as the required cross-section of wire for this branch circuit. 

By reference to Table I, it will be seen that No. 6 wire, 
which has a cross-sectional area of 26,250 C. M. is the only 
size that will come near meeting the requirements. 

If we allow a drop of 3 volts in this circuit, which is 
almost 3 per cent, the circular mils required will—15,120, and 
No. 8 wire may be used. 

Fuse-boxes (F. B.) can be inserted as shown in the branch 
circuits. Then in case of a short-circuit across the contacts 
on the cutout boxes, the smaller fuse will blow. 

This arrangement also makes it possible to disconnect any 
distributing center for purposes of testing, without interfering 
with the other centers. 

Motor Leads or Branch Circuits. Following is an extract 
from the National Code regarding this subject: 

“The motor leads or branch circuits must be designed to 
carry a current at least 25 per cent greater than that for 
which the motor is rated, in order to provide for the inevita- 
ble occasional overloading of the motor and the increased 
current required in starting, without over-fusing the wires; 
put where the wires under this rule would be over-fused, in 
order to provide for the starting current, as in the case of 
many of the A. C. motors, the wires must be of such size as 
to be properly protected by these larger fuses.” 
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In the wiring system illustrated in Fig. 2 there are 4 mo- 
tors, each having a capacity of 5 H. P., which are to be sup- 
plied with current. The following values may be used for 
calculating size of mains for supplying a number of small 
motors, as in the case of Fig. 2: 


THO By OltS Peeve een 7.5 amperes per horse-power. 
220 EVOLESBeteroterereteets Soo ei 7 ay 
B00 VOltS Sens teres 1.65 re <: # 


The distance from ‘point of connection of the motor branch 
circuits with the service mains, to their respective centers 
of distribution, may be assumed to be 100 ft.; and the size of 
wire required for these two circuits will therefore be: 


IXLX10.8 
Ob We SSS 
2 


As each of these two circuits is to supply current for two 
5-H. P. motors, it will be necessary, first, to ascertain the 
value of current, in amperes at 110 volts potential, that will 
be required. According to the rule just given, which allows 
7.5 amperes per horse-power for 110-volt motors, the value 
of I for two motors—7.5X10—75 amperes. The total length 
(L) of wire required will be 100X2—200 ft.; and the loss to 
be allowed (v) is 4 per cent—110X.04—4.4 volts. Then, 
75X200X10.8 
Cc. M.— ——————_ = 36, 818 circular mils 
4.4 

Referring to Table 1, it will be seen that No. 4 wire 
comes next highest in cross-sectional area. Therefore ft 
must be used. 

If a loss of 5 per cent were allowed, the required C. M. 
cross-section would be 29,454, which is slightly less than is 
contained in No. 5 wire. 

In this calculation no allowance is made for the 25 per 
cent additional current referred to at the beginning of this 
section. 

Another method of calculating the size of wire for these 
circuits is as follows: 

One horse-power will require the consumption of 1746 
watts, electrical energy; and, there being 10 H. P. to be 
developed, the total number of watts—746 X10—7,460, which, 
at 110 volts potential, will require 7,460—110—68 amperes of 
current. This represents the value of I, and the loss being 
same as before: 
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68 X 200 X10.8 
Cc. M.—= ———- = 33,381, 

a 4.4 
to which must be added 25 per cent, making a total of 41,726 
circular mils. 

Reference to Table I will show that No. 4 wire can be 
used under this calculation also. 

The size of wire forming the circuits that lead from the 
cut-out boxes directly to the motors, is obtained in the same 
manner. As an example, we may calculate the size of wire 
for one of these circuits, assuming the motor to be 5-H. P. 
and located at a distance or 50 ft. from its distributing cen- 
ter. 

Allowing 7.5 amperes per H. P., value of I—7.5X5=87.5. 
The value of L—100 ft.; and there is to be a drop of 2 volts. 
Then, 

37.5100 X10.8 
CG. Mi 


—20,250, 

2 
to which must be added 25 per cent for safety, making a total 
of 25,312 circular mils; and according to Table I, No. 6 wire 
will come nearest to meeting the requirements. 

Size of Wires for Direct-Current Motors. Referring to 
Table 2, the column headed “Size of Wire, Branches” gives 
sizes of wires for branches and for mains supplying one 
motor, and is based on the 25 per cent overload demanded 
by the rule of the National Code. The column headed “Size 
of Wire, Mains” gives size of wire to be used for mains; but 
in no case must the size of these mains be less than that 
required for the 25 per cent overload on the largest motor 
such mains supply. 

The question of drop, or loss of voltage is not taken into 
consideration in the tables which herein given. 

Table 2, indicating sizes of mains and branches for D. C. 
motors, is taken from the rules and regulations of the De- 
partment of Hlectricity, Chicago, Il. 

Three-Wire System. This system of wiring requires but 
8 wires to carry the same amount of current that would 
require 4 wires in the 2-wire system; and it also permits 
doubling of the initial voltage of the system, thus reducing 
the volume or amperes one-half, which allows the use of 
smaller wires. In this system, 3 mains are carried through 
the district, and a potential difference of 220 to 230 volts is 
maintained between the two outside wires. 
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TABLE 2 
Sizes of Mains and Branches for Direct-Current Motors 


110 Volts 220 Volts 
Horse 4 | E 
Power | Full Size of Size of Full | Size of Size of Ohms 
loa Wire Wire load Wire Wire per 
Cur- Mains Branches |Cur-| Mains Branches 1,000 
rent rent Feet 
1 8 14 14 4 14 14 |2.628 
2 15 12 10 8 14 14 |2.628 
3 23 10 8 12 14 12 |1.653 
4 30 8 6 15 12 10 |1.040 
5 38 6 6 19 10 10 |1.040 
7.5 56 4 3 28 8 6. | .401 
10 75 3 1 38 6 6 411 
12.5 94 1 0 47 5 4 259 
15 113 0 00 56 4 3 205 
17.5 131 00 000 65 4 2 163 
20 150 00 0000 75 3 1 129 
25 188 a 250000 | 94 1 0.| .102 
Cc. M. 
30 225 250000 350000 113 0 00 |} .081 
35 263 300000 400000 131 00 000 | .064 
40 300 350000 500000 150 00 c ™_ -051 
45 338 400000} 600000'| 169 000} 250000 | .064 
50 375 500000 700000 188 0000 250000 | .051 
55 413 600000 800000 206 0000 300000 | .051 
Resist- 
Cc. M. ance per 
Foot 
60 450 600000 800000 225 250000 350000 | .0000431 
65 488 700000 900000 244 300000 350000 | .000036 
70 525 800000 1000000 263 300000 400000 } .000036 
75 563 800000 1100000 281 350000 500000 | .0000308 
80 600 900000 1300000 300 350000 500000 | .0000308 


85 638 1000000 1400000 319 400000 500000 | .000027 


90 675 1100000 1500000 338 400000 600000 | .000027 

95 713 1200000 1600000 356 500000 600000 | .0000215 
100 750 1300000 1700000 375 500000 700000 | .0000215 
125 938 1700000| 2— 900000 469 700000 900000 | .0000155 


150 1125} 2- 800000] 2-1100000 563 800000} 1100000 | .0000135 
200 1500] 2-1300000} 2-—1700000 750} 1300000} 1700000 | .0000083 
250 1875] 2-1700000} 3-1300000 938} 1700000}2— 900000 | .0000063 
300 2250} _3-1300000} 3-1700000 | 1125| 2800000|2-1100000 | .0000038 


The third wire, called the neutral, wire, lies half-way be- 
tween the others in potential. By proper connections, the 
motors can thus be supplied at 220 volts, while the lamps 
are operated at 110 volts. Incandescent lighting circuits can 
be maintained from either outside wire, to the neutral wire. 


ELECTRIC WIRING 559 


An examination of Table 2 will show the saving in copper 
that is effected by supplying D. C. motors with 220 volts 
potential. Take, for instance, a D. C. motor of 10 H. P. using 
current at 110 volts. In this case a No. 3 wire is required 
for the mains; but when current is supplied at 220 volts, 
No. 6, wire, just one-half the size of No. 3, can be used. 

Fig. 3 shows a plan for wiring a building for light and 
power on the 3-wire system. The same number of motor and 

. lighting circuits are to be supplied with current as are shown 
in Fig. 2. It will be noticed that the motor leads run from 
the two outside service mains to their respective centers of 
distribution, while the branch circuits for lighting connect to 
one outside wire and the neutral wire. 

For the purpose of calculating size of wire required for 
the service mains in this system, we may assume distances 
and lengths of wire to be practically the same as given in 
connection with Fig. 2—namely, 150 ft. from point to point 
of connection of service mains with the street mains, to last 
center of distribution (C. D.), from which two motor circuits 
lead. The same amount of power is to be developed by the 
motors; but in this case the motors are to use current at 
220 volts. The same number of lamps will be supplied with 
current at 110 volts as are mentioned in connection with 
Fig. 2. 

Using the same methods of calculation, we have: Total 
current, in watts, required by the 96 lamps at 55 watts 
each —96X55—5,280 watts, consequently, amperes for the 
lamps will be 5,280-110—48. 

The four motors will require the same number of watts 
as in the previous installation (14,920); but, since they are 
now to be supplied with current at 220 volts, the amperes 
will be reduced just one-half; thus 14,920-220—68 amperes, 
whereas the amperes required for the motors in Fig. 2 
—14,920-+-110=136. The service mains in Fig. 3 will there- 
fore carry: For lamps, 48 amperes, for motors, 68 amperes; 
making a total of 48+68—116 amperes of current, instead of 
184 as in Fig. 2. 

Using Formula 1, we may now calculate size of wire re- 
quired for the two outside wires, allowing the same percent- 
age of drop (3); but as the value of I is only three-fifths as 
great as in the case of Fig. 2, the value of v will be increased 
by two-fifths, making v—4.6. Then, 

116X300 X10.8 
—81,704—No. 1 wire, 


Gp Mis 
4.6 
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which is less than half the circular mils required in Fig. 2. 
To this must be added the neutral wire, which, for outside 
work, may be much smaller than the two main wires. Inside 
of buildings, however, it is safest to have the neutral of the 
game size as the other wires. 


C.D. 


/70TOR MOTOR 


SERVICE 


SERV/CE MAINS 


Fig. 3. Plan for Wiring Factory Building on the Three-Wire 
System. 


Ordinarily the total cost of wire for a 3-wire system is 
calculated to be % of that for a 2-wire system of the same 
capacity. 

In calculating sizes of leads and branch circuits for mo- 
tors operating on 220 volts, as in Fig. 3, use same methods 
as for figuring size of service wires, leaving out the neutral. 
In actual practice, these calculations need not often be made, 


(Continued on page 566) 


‘d '0-000' uo 


‘sorodule Gg‘) —‘d ‘H 29uoO 


rreelonrs lone [B14 [298 


09¢|00¢,092|00z|09T. 


“HAG 1894-18101 |Z8S 1 [L251 0161 Fe. 
“"*" 1629 |GIB [SLOT] Reel 5° 91) 260% 9bS3/ G68 
LGL [668 |BLOL) E231) BIT) LE0G|9FGS|78 -S/SFZP 


2 eS NS ee ee ee 


‘so1odure g = duiv[-01e [eI}U90}0d-}UBIsSuUOD 


‘azoduie % = duie{ JUsOSepUBOUT }}EM-GE ‘d ‘D-9T 9UO 


2 tP i) Tél 
ra Wace oe Shee woes 28. GOL 
. es gor |906 
hae “18 Tel £96 
be WAR Seats jetta 
a more Eeseera hong bagged fed 
aie (ine Mesa (Gd SLI $93  |S69 ra! 
Sed (Es Meg Yaga BIZ |Log |S¢9 It 6 
i eee pees pean ee Blears Bie i onne 
Hee | hela SFE |eeS {gFOl 6 4 
‘|ss++-lonn  fros fone ogo [get 3 |> 
oa Ie Se ane fee ce eens comet I es Rh 
listen |e ae omy 60G |82o |6IF 869 LHOL |<606- | IT ‘OT 6 8, 9 ¥ 
| eae es ak I 19S «|ZeS «18cS 088 fOZET ORIS FOL 6 8 L S £ 
ee Sse |tPh |999 JOLIE |S9Ol jugss 16 8 4 9 ¥ co 
: Bob \Z9G)C«|FHB CIQOPL «[OLIS Jueze 18 L 9 g € 1 
cor u€G i9vL O90f (992T j0u9s judEs | L 9 S 4 3 0 
899 |068 |LESl |8ees \SbES |gg99 19 Ss LZ € \ 00 
ria aay 182 Gig |rctt josor loiss jeter focig |s fy = ise 8, ov 
nna ate iakaen SS 3 IT |SiPE |TZIS |S6SE jZ08S |SO9OT | F € é t 00 0000 
“«-|oee Lab ‘torer loset jogos joors jonzo looser |e  |z |i —|o_—fo00_loo0008 
wp |g vege jess josee feeas jocrs joossi }z  |t  |o —joo_, foo00_joooo0s 
9GF {CEs |OLL IgiG |1F8S |Z9Sh |SOTL |SS9OT jOIEIS? | LT 0 00 000 ° 
LEG 16L9 1968 | {8893 |PRSE JL/SS |OY68 jOFFET 0889S 10 100 0@0 {0000 |0000)F 
LL9 |Z28 16211}. 88GB |LZ1Gh |2229 |G6SIE (ZPEOT lessee | 00 00 = |0000 += |00000E|00000¢) ~ 
BOB JOLOTIZLE1] 1F0F |84F4 |Z80S [OLFSL |G0z0% |OLFUF |000 [0000 |00000E)00000F 
LLOULFEL|Q6LT sxe |rgt2 jozz0r [09621 |ute9e. |ogses | 0000 ,|000008!00000F|00000¢ 
BE4L |PSIOL |9LZSI |09FSS |OGT+S |O8E9L | 00000E/00000P|00000¢) * ~~ **” 
CQIOL |O8SEL |OLENS JOS6ES 1SZ6G |OG81OT} 00000F)00000S) *~ ~*~” e 
TELS -|G2L69T |S4FGS |SErGP |LS9_9 |STELZ1} OODD0G) “" “| 
aztioot| os {o9| 09 | oF | os | 92 | os | ot | ot | 9 | » | @ | ot | gs ie9] 9 ats) & 


‘yoo,q UT aouRASIC ETI “Moreg esouL 


<soredury JO aequin N 04} ore UtANTOD oe” uy semstq doy, 


‘adNVH *S FA GTM JO 92Z1S 00} 
‘mola BOUL ‘Sso'T Jo esBqjuUoDIEg 
eu UUIN[OD yoem ut soinsy,q doy, 


S}HNWID HOA-OL} soy e7eq Buim 


€ a1gVL 


561 


‘gorodwue %7— durel-o1e [etjU9}0d-jUBysSU0D 
‘ad ‘0-000'2 90 ‘sorodme g1'¢ —‘d ‘H 9U0O ‘giodwe % — dure] jusosepuvoul 3}eM-Gg ‘d ‘D-9T euo 


: | Apis al PAOD eh 
pala We Ropar pene Rant Tuet ean ane ee prone ss pre reed een eey ree Renee Bel 1892 speangae ary ony tae ry 
; Si illecne| cecil sips] segeLpvachsesese| se ecer|wanere a orate skews ne pol leze s[ecdcerfeweees[ecee fog 
- cy * ee ee wee * wteee seeeerle . . ee a - 774 PIP . ceee OL bas 
EG weer a eee oS ee re . weecerlew weer lo er eworlerseee £9% 964 woe SI rae 
5 . es ovr | signin ate ren 7) (eco tore (ach #1 rag 
AK Ae Passe linet lian eis asi fie derr| ee miel| soe], evens Ie |gze seveeeleteee log Gl el If 
Scrrlecse|sesoficcseleserirers| oserleses| ees eg locor fot’ “iol rat +1 a OL 
ee rs elewenlewee lower le . . . eeeee Leg {GTS1 gt GI tl eI 1} 6 
=e eee eee oa . oe . wees weer eee LB Ggol cl FI €I 61 0! 8 
“se tee . * . . * es eeeee GhOT 0606 ia’ eI al IE 6 L 
ay lew evsifiato a.s\l'a.aiecst eines if eince’=lir'a spezet oe ses net legos Vel ZI IT OL 8 9 
an oiotall sivioieilinsiniel| se veins oo] ag peuaeoes goit leoot lease lat IL Ol 6 L G 
os (aos We ene sie vee Red -heoae eee aget \coor logis | Tt Or 6 8 9 ip 
oreo fee ere ove) cee en |\coe| eves} pweee sf ve eae gazt |ze9% jgzz¢ {or 6 8 L g ¢ 
- ore - . wee see eeeee PoP 1ZeB ZEEE 999 6 g L 9 y bq 
sl eel | col Ui y°°""" OCF = 1099 1083 |c0ch |S0F8 18 L 9 G I 
Pes chet eep  j06S 0sse 08S |G9SOI | 9 g 4 é 0 
SESS Re ee 1908: BPO Gore [e399 |<9eEl |9 g PB € I 00 
srTeseys" "1899 [P19 GFR Bl9g |4zkB |oo89I 1S b & z 0 000 
sreetersey eer" 180% 10G8 — |G90L d é GB0L |LZ901 |Cas1s |P- € G I 00 0000 
: ss Pe “sys 1699 1683 [G90 |8Z8T 9688 |SBeel joLgee |& 4 I 0 000. |v. 0008 
trorfors [oreederesdesesl = * 1189 1168 1GETTOOST |20LT , ILE1L |ZOOLI |SGOPE 13 { 0 00 0000 |00000b 
aa ae Wee eat [Sica OIL |EGB |S9OL|UZP1|GOLT” |1ET% GOSHL |OTETS |OBISH |T 0 00- 000. }00000€|000003 
seeeforesdoeestores dss" 1963 1GLOT/PPELIZOLLITSTS {889% : GS6LI |GB896 |OLLES | 0 00 000 |0000 |00000%) "°°" "* 
seerteoe eyes sets "1888 1661 T/SSEI resh| Hed red L8E8 18S2% |@LBEE |SPLL9 }00 00 {000 |000°08/00000S) *** “~~ 
ae he call Pees “| **|O01 FFI |60L1/9EIZ/SPSZ/B1FE  |BLoh if E8hBS |¢ZLZF |USFSB 1000 0000 |000008/00 ee 
seedoeters "1201 BEET 9621 /SS12|Gn98|Z6C8] Ile’ 688s 197,68 |O68ES {0BL201]0000 {0 10008}00000% G0000S) **** °° a tae 
ser] oele2zt [22ST lOl6l 9FSc|CG0R/6186] 160. |1119 |289L ZG0S 128292 |$22691] 000-108|00000%| UOD00S) °°” et eae 


29 |O¢8T01}00L802| 00000%| 000008) °° ** °° 
9260S |LL848 |SIELSL|O89FSz] 000005) “*°***| **"*” 


2Ge116291|9E08/9bSS G6 S|RLh]Z0s]} 629|2F18 |SBIOL OBSEL |S6Z9T OLEIG 
3G1 12691 |220; [OPES]. BIE EFSP|GBUS)99_9 ABPS|“BIOL |ISL2T |EL69T [040% |S9FGe 


ose og | 9% | 02 


09¢/00¢|092|00Z O9T OZT\OOT] O8| 09} 09 | OF ot | Ot | 9 % z OL Vise ieo lea Aare. Ss 
‘aBney 'S B ‘A PILM JO ezTS 003 


-sazedut Seat LE aga od Pet MOTed oe OuL masa di AOTed sSOUL {Sso'] Joosequso1eg 
c Vcc cee ENO Mees St ue MI Con OuL eu} UUINIOD Woe” Ul somnsty7 dou 


SNe een 
S}INDUID HOA-OcZ 40} HIE HuyiM 
+ 3a1aVL 


562 


002 jOLT 


‘solies ur ynd aie sduvy oy} ‘posn oie s}y3I] ueyA ‘Sertedwe 677 —‘d “H 940 


ees 
Res ood os een es 
saeeee 

peeaer|s 


seeeeels 


ce ig i. 


F206 |299% 0808 Joses |FeIg |19T9 - see dae 
Bass joces |pass josey [e119 joLd 5g FS 
99@E |Z80h |868F |&319 |SOTR eeeee 
629P |ZI9S |FF69 |0898 |FZEIT |888ET PPFD |OPLSTIIOIOSLT|OGALEE A sea 
ZHID |LLOL 1816 _|GLSTLISSESE |9chRI 6316 |OSGEST|ZZE0ES|SF909F Aare 
O1LL |8h96 |FLSIT|LOPPTIOSGEL |BFIES 

ogt |ozt joot | os | 09 | 09 or} 9 | & | 8 ate! & 


‘edNVD *S B “A OILM JO 21S 903 
MOET OSOULL {SSO'T JOose M9919 
eu} UUIN{OD Woey Ul sensi dow, 


“100,7 UT CONEISTG PUI MOTO ESOT.L 
:sorodury JO 1equUINN oN o1¥ UUMjOD You” uy sein3ty7 dog, out, 


S}INDUID HOA-00G so} eFEG BuldiM 
¢ A1aVL 


563 


TABLE 6 
Cost per Mile of Triple-Braid Weather-Proor Solid Copper 
Conductor at 10 to 20 Cents a Pound 
(5 per cent. allowed for sag and waste.) 


Cire, Mils. *Weight Wt. Mile AMOUNT IN DOLLARS PER MILE AT THE DIFFERENT PRICES PER POUND 

and B&SNos. perMile Plus 6% 10c llc 12c 13¢ 14c 15c, 16c lic 18¢ 19¢ 20¢ 
2,000,000 37000 39850 $3885 $4274 $4662 $5051 $5439 $5828 $6216 $6605 $6993 $7382 $7778 
1,750,000 32700 34335 3434 3777 «4120 «4464 «4807 «45150 5494 5837 6180 6524 6867 
1,500,000 28400 29820 2982 3280 3578 3877 4175 4473 4771 5069 5368 5666 5964 
1,250,000 23800 24990 2499 2749 2999 3249 3499 3749 3998 4248 4498 4748 4998 
1,000,000 19400 20370 2037 2241 2444 2648 2852 3056 3259 3463 3667 3870 4074 
750,000 14900 15645 1565 1721 1877 2034 2190 2347 2503 2660 2816 2973 3129 
600,000 11800 12390 1239 1363 1487 1611 1735 1859 1982 2106 2230 2354 2478 
500,000 10000 10500 1050 a4 1260 1365 1470 1575 1680 1785 1890 1995 2100 


450,000 9100 9555 956 1147 1242 1338 1433 1529 1624 1720 1815 1911 
400,000 8200 8610 861 947 1033 1119 1205 1292 1378 1464 1550 1636 1722 
350,000 7100 7455 746 C8. 895 1044 (1118 1 1267 1342 1416 1491 
300,000 6 651 716 781 846 911 977 1042 1107 1172 1 1302 
20,000 546 601 655 710 764 819 874 928 983 1037 1092 
0000 4220 4431 443. «487 ««532)s«d76 «620 «GHHC«‘C70”:«CO7HB_«C79B«OBAZ = -8BE 
000 3450 3623 362 399 «#94435 «9471 «SO? 543 616 652 688 725 

QO 2760 2898 290 319 348 377 435 464 493 522 S51 
0 2240 2352 235 =) 282 «306 «= 329 376 423 447 470 
1 1735 1822 182 200 219 237 ‘255 273 292 310 328 346 364 
2 1425 1496 150 165 180 194 209 224 4 269 299 

3 1 1145 115 126 137. 149~—S «160 172 183 «195 218 
4 gt 5 95, ~ 104 113 «123 ~=S «132 142 #151 161 170 180 189 
610 64 _ 71 77 83 9% 103 109 #115 122 12 

@Manufdcturer's standard approximate weights. 
TABLE 7 


Cost per Mile of Triple-Braid Weather-Proof Stranded Copper 
Conductor at 10 to 20 Cents a Pound 

_. (5 per cent. allowed for sag and waste.) 

Bs “Wt. Swen #*AMOUNT IN DOLLARS.PER MILE AT THE DIFFERENT PRICES PER POUND 

Cinge ilile. 5% {7 300: = S186 or Edn ed AGorw es Ble, Raton dee Se ARO M8 We 20¢ 


3320, 3486 349 383° 1418 453 488 523 558 593 627 662 697 
306 334 ' 


0000 

000 

00 
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2 230 

3 1050 1103 110 121 132 143-154 165 176 188 199 210 221 

865 S 4 : 
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10 

12 

14 
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20 


5 ; f 68 11. g 4. 5. : 80° 
65 68 6.80 7-48 8.16 8.84 952 10.20 10.88 1156 1224 1292 13.60 
*Manufacturers’ standard approximate weights.  **Amounts less than $50.00 are given to nearest cent. 


TABLE 8 
Sizes of Wire for Single-Phase Motors 


110 VOLTS 220 VOLTS 
Horse- ——. $$$ | mK | mo 
Power Full Load Size of Full Load Size of 
Current Wire Current Wire 
1 12 12 6 14 
2 23 8 11 12 
3 33 4 16 10 
4 44 4 22 8 
5 53 2 26 6 
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TABLE 9 


Sizes of Wires for Three-Phase Motors 


220 VOLTS 


440 VOLTS 


Horse . 

Power} Full Size . Size Fall Size Size 
Load | of Wire, | of Wire, Load of Wire, | of Wire, 
urrent} Mains |BranchesjCurrent} Mains | Branches 

1 3 2 14 14 
2 5 3 14 14 
3 8 4 l¢ 14 
4 10 5 it 14 
5 13 10 6 lt 4 
7.5 19 8 10 14 by 
10 26 8 6 13 12 TO 
32.5 32 8 5 16 12 10 
15 48 6 4 19 10 3 
17.5 45 6 3 22 10 g 
20 Al 5 3” 26 8 6 
2b 64 4 1 32 8 4 
30° 77 3 0 *38 6 4 
35 90 2 00 45 6 3 
40 102 1 00 51 5 % 
45 115 0 000 58 4 2 
50 128 0 0000 64 4 1 
55 141 otf) 0000 70 3 1 
ec. m. 
60 154 000 250 77 3 0 
65 166 000 300 &3 2 0 
70 179 000 300 90 z 60 
75 192 0000 350 96 1 90 
80 205 0000 350 102 1 O08 
ery ms 

85 218 109 1 000 
90 230 116 0 000 
95 243 122 0 0000 

100 256 128 0. 00v0 

cm. 

125 320 160 000 y 

150 ‘384 192 0000 350 

em 
256 300 500 


Column headed “Size of Wire, Branches” gives size of 
wire for branches for mains supplying one motor, and is 
based on 50% overload. 

Column headed “Size of Wire, Mains” gives size of wire to 
be used for mains, but in no case must the size of these 
mains be less than that required for the 50% overload on the 
largest motor such main supplies. 


The question of drop is not taken into consideration in 
Table 9. 
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as it is much easier to refer to the tables presented on the 
following pages (especially Tables 3, 4, and 5), from which 
can be determined, almost at a glance, the proper sizes of 
wire for carrying various amounts of current in amperes, dif- 
ferent distances in feet, at various percentages of loss. These 
tables are calculated on safe carrying capacity for the dif- 
ferent sizes of wire. Distances in feet are to center of dis- 
tribution. Table 1 should always be consulted before mak- 
ing a selection of wire. This table is taken from the rules 
of the National Board of Fire Underwriters, and is therefore 
standard. 
ELECTRIC ILLUMINATION 


Table X shows the coefficients of diffusion for various col- 
ored interior walls and ceilings. 
TABLE 10 
Coefficients of Diffusion for Colored Walls and Ceilings 
Percentage of 


Color of Walls Light Reflected 
White wallpaper ......ccceeseeeee rere seer eeceses 70 to 80% 
Yellow wallpaper ......... be cere set's s idate nore nte 35 to 40% 
Bmerald green ...cccccecesccccceeserececseeccves about 18% 
Black Paper ...cceccccescccccccsceressvrasecccsos about 5% 
Deep blue Paper......ceeeeeescecerseecccerecrces about 3% 
Black Velvet ioc. cts. cis se ee a os esi we tine nim wine about .4 of 1% 


It is evident from Table 10 that in estimating number of 
lamps required for lighting a building, it is necessary to 
know the color of the interior decorations. 

In estimating candle-power on the basis of volume in cu. 
ft. of halls, rooms, etc., Table 11 will be of service. 

TABLE 11 
Candle-Power Required for Lighting Interiors per Cubic Foot 
Volume of Space 
(Walls and ceilings of medium tint.) 


Kind of Building C. P. Required per Cu. Ft. of Space 
Public Hall se4.ciere ose sonra oe cols wiepoieteiler et = .055 candle-power 
TLerislative Hall... tess cess nee 052 ae id 
OHUTCH Tene sits ab iow chee Hates ets detonmpeetentaretshete 022 eres ef 
Opera House ..ecccsessssee eer eseseesee> Ue 2 = 
Theatre ..... OES oie arene slorere Sto ache torteteaeretene 0207s: ss 
Drawing ROOM “6. .sce. cue osteo = oF 018 40 s 


Example—Assume the volume of space in a public hall - 
to be 20,000 cu. ft. The required illumination in C. P.=20,000 
X.055—1,100 C. P. 
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The quantity of light required per cu. ft., as already inti- 
mated, will also depend upon color of walls, ceilings, etc. 
The figures given in Table 11 assume walls and ceilings to 
be of a medium tint, neither too dark nor too light. Shades 
and globes also absorb a certain amount of light, making it 
necessary in certain cases to increase the figures here given, 
so as to allow for this loss. 

Table 12 will be found helpful in calculating illumination 
by means of enclosed arc-lamps. 


TABLE 12 
Illumination by Enclosed Arc-Lamps 
Kind of Space to Sq. Ft. to be Allowed per Lamp 
be Illuminated. of 2,000 Candle-Power. 
OMEN ALSAS Ms ere < sie chee a ini0is!o/= + =) »ehehele ie si°!= ie aggeinie 20,000 sq. ft. 
Railroad stations .......cccccsseescsrevcceecens TAO00 eS 
Machine SHODS: <<. 0... ie ces c cece ceswer reese. 000 pacame 
AUC LOR Gee crete teva tools) s)iors 0 o/c 0, 010i0. 0,0 0 ae oleae (eens ie*'s 5000 Sas 
Thread and Textile mills........+-++-- 2.000 to 4.600" )* 
Mraity SHECGS) ccr cis ccc cle es ccc = cviccines 12,600 to 14,400 “ “ 


In estimating candle-power according to floor space of 
rooms to be lighted, assuming ceilings to be of the usual 
height for residence buildings, calculate number Ofsas tt. .0L 
floor space in each room; then for each 100 sq. ft. allow: 

For good illumination, 2 16-C. P. incandescent lamps. 

For very bright light, 3 16-C. P. ss os 

For brilliant light, 4 16-C. P. Fisk 


AUTOMATIC CUT-OUTS—(FUSES AND CIRCUIT- 
BREAKERS) 
All Voltages—Constant Potential Systems 

Extracts from General Rules—National Electrical Code: 

a. Automatic cut-outs must be placed on all service wires, 
either overhead or underground, as near as possible to the 
point where they enter the building, and inside the walls, 
and arranged to cut off the entire current from the building. 

The purpose of such cut-outs is to make sure that the 
wires inside a building cannot be subjected to a current 
larger than they can safely carry. They are absolutely neces- 
sary when taking current from a public plant, as the fuses 
in the mains are often changed without regard to the size of 
the wires in the buildings. 

b. Must be placed at every point where a change is made 
in the size of wire, unless the cut-out in the larger wire will 


protect the smaller. 


“e 
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For 3-wire D. C., or single-phase systems, the fuse in the 
neutral wire, except that called for under Section d, may be 
omitted, provided the neutral wire is properly grounded. 

It will frequently be found necessary to provide cut-outs 
where taps are taken from large mains. In such cases, if the 
clamps on the cut-outs are not sufficiently large and strong 
to give a firm and secure connection, a short length of smaller 
wire may be soldered to the main wire and then carried 
directly to the cut-out, which should be located as near as 
possible to the point of connection with the mains. Special 
care should be taken to guard these leads from accident, as 
they may not be properly protected by the fuses in the main 
circuit. 


c. Must be in plain sight, or enclosed in an approved 
cabinet and readily accessible. They must not be placed in 
the canopies or shells of fixtures. 

Link fuses may be used only when mounted on slate or 
marble bases, and must be enclosed in dust-tight, fireproofed 
cabinets, except on switchboards. 

d. Must be so placed that no set of incandescent lamps 
requiring more than 660 watts, whether grouped on one fix- 
ture or on several fixtures or pendants, will be dependent 
upon one cut-out. Special permission may be given in writing 
by the Inspection Department having jurisdiction, for de- 
parture from this rule in the case of large chandeliers, stage 
borders, and illluminated signs. 

The above rule shall also apply to motors when more 
than one is dependent on a single cut-out. 

The idea is to have a small fuse to protect the lamp 
socket and the small wire used for fixtures, pendants, etc. 
It also lessens the chances of extinguishing a large number 
of lights if a short-circuit occurs. 

Unless fused rosettes are used, the fuses in the branch 
cut-outs should not have a rated capacity greater than 6 am- 
peres on 110-volt systems, and 3 amperes on 220-volt systems. 

If ceiling rosettes are used—either fused or fuseless— 
there must be a separate one for each pendant and they 
must be supported independently of the overhead wires. 


SWITCHES 


a. Switches must be placed on all service wires, either 
overhead or underground, immediately at a point where they 
enter the building and within 7 ft. of the floor. Provided, 
however, service switches may be located away from where 


ed bbe ie 
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wires enter buildings, when space where said wires enter is 
used for purposes such that the location of cut-out therein 
would increase the fire hazard, in which case the wires must 
be encased in standard continuous conduit, from a point out- 
side the building to the point where the switch is installed. 
The switch required by this section must be so placed as to 
be protected by cut-out. 

Service cut-out and switch must be arranged to cut off 
current from all devices including meters. 

b. Must always be placed in dry, accessible places, and be 
grouped as far as possible. 

In risks having private plants, the yard wires running 
from building to building are not generally considered as 
service wires, so that cut-outs would not be required where 
the wires enter buildings, provided that the next fuse back 
is small enough to properly protect the wires inside the build- 
ing in question. 

Up to 250 volts and 30 amperes, approved indicating snap- 
switches are advised in preference to knife-switches on light- 
ing circuits. 


ELECTRIC HEATERS 


a. Must be protected by a cut-out, and controlled by indi- 
cating switches. Switches must be double-pole where the 
device controlled requires more than 660 watts of energy. 

b. Must never be concealed, but must at all times be in 
plain sight. Special permission may be given in writing by 
the Electrical Department for departure from this rule. 

c. Flexible conductors for smoothing irons and sad irons, 
and for all devices requiring over 250 watts, must have a 
standard insulation and covering. 

d. For portable heating devices, the flexible conductors 
must be connected to a standard plug device, so arranged that 
the plug will pull out and open the circuit in case any abnor- 
mal strain is put on the flexible conductor. This device may 
be stationary, or it may be placed in the cord itself. The 
cable or cord must be attached to the heating apparatus in 
such manner that it will be protected from kinking, chafing, 
or like injury at or near the point of connection. 

e. Smoothing irons, sad irons, and other heating appli- 
ances that are intended to be applied to inflammable articles, 
such as clothing, must conform to the above rules so far as 
they apply. They must also be provided with an approved 
stand, on which they should be placed when not in use. 
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f. Stationary electric heating apparatus, such as radiators, 
ranges, plate warmers, etc., must be placed in a safe location, 
isolated from inflammable materials, and be treated as 
sources of heat. 

g. Must each be provided with name-plate, giving the 
maker’s name and the normal capacity in volts and amperes. 


LIGHTNING ARRESTERS 


a. Must be provided on each wire of every overhead cir- 
cuit connected with the station. 

b. Must be located in readily accessible places, away 
from combustible materials, and as near as practicable to the 
point where the wires enter the building. 

Station arresters should generally be placed in plain sight 
on the switchboard. 

Kinks, coils, and sharp bends in the wires between the 
arresters and the outdoor lines, must in all cases be avoided 
as far as possible. 

c. Must be connected to a thoroughly good and perma- 
nent ground connection by metallic strips or wires having a 
conductivity not less than that of a No. 6 B. & S. gage copper 
wire, which must be run as nearly in a straight line as pos- 
sible from the arresters to the ground connection. 

Ground wires for lightning arresters must not be attached 
to gas pipes within the buildings. 

Whenever lightning is discharged through an arrester, the 
generator current tends to follow the discharge current, as 
the heat of the latter volatilizes a little of the metal and 
forms between the points a bridge of metal vapor, which 
quite readily conducts electricity. The arrester must be so 
designed as to break this arc, as otherwise the generators 
may be injured and the service interrupted. The arrester 
itself would also probably be injured, and might not then 
afford protection against a second discharge. 


SIGNALING SYSTEMS 


The requirements for signaling systems including wiring 
for telephone, telegraph, district messenger, and call-bell cir- 
cuits, fire and burglar alarms, and all similar systenis, are 
as follows: 

a. Outside wires should be run in underground ducts or 
strung on poles, and as far as possible should be kept off 
buildings. They must not be placed on the same cross-arm 
with electrie light or power wires, and should not occupy the 


h bttei eeell 
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same duct, manhole, or handhole of conduit systems with 
such wires. 

b. When outside wires are run on same pole with electric 
light or power wires, the distance between the two inside 
pins on each cross-arm must not be less than 24 inches. 

Should be placed on lower cross-arms. 

c. Where wires are attached to the outside of buildings 
they must have an approved rubber insulating covering; and, 
on frame buildings, or frame portions of other buildings, shall 
be supported on glass or porcelain insulators, or knobs. 

d. The wires from last outside support to the cut-outs or 
protectors must be of copper, and must have an approved 
rubber insulation. 

Must be provided with drip loops immediately outside the 
pbuilding, and at the entrance. 

e. Wires must enter building through approved non-com- 
bustible, non-absorptive, insulating bushings sloping upward 
from the outside. 


INTERIOR CONDUITS 


a. No conduit tube having an internal diameter of less 
than % in. shall be used. With lined conduit, this measure- 
ment is to be taken inside the metal tube. 

b. Must be continuous from outlet to outlet or to junction- 
boxes, and the conduit tube must properly enter, and be se- 
cured to all fittings. 

c. Must first be installed as a complete conduit system, 
without the conductors. 

d. Must be equipped at every outlet with an approved 
outlet box or plate. 

e. Metal conduits, where they enter junction-boxes, and 
at all other outlets, etc., must be provided with approved 
bushings, fitted so as to protect the wire from abrasion, ex- 
cept when such protection is obtained by the use of approved 
nipples, properly fitted in the boxes or other devices. 

f. The metal of the conduit must be permanently and 
effectively grounded. 

g. Junction-boxes must always be installed in such a man- 
ner as to be accessible. 

h. All elbows or bends must be so made that the conduit 
or lining of same will not be injured. The radius of the curve 
of the inner edge of any elbow must not be less than 3% in. 
Must not have more than the equivalent of four quarter-bends 
from outlet to outlet, the bends at the outlets not being 


counted. 
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Finished conduit to have weight per hundred feet not less 


than that given in Table 12. 


TABLE 13 
Dimensions and Weight of Conduits 
Trade Size Approx. Inter. Min. Th’kness Wt. per,100 Ft. 


(Inches) Diameter of wall (Pounds) 
(Inches) (Inches) 

% 62 100 15 
4 82 105 104 

il 1.04 ° 125 152 
1% 1.38 135 209 
11% 1.61 140 250 
2 2.06 150 350 
2% 2.46 .200 535 
3 3.06 .210 710 


MOLDINGS FOR ELECTRIC CONDUCTORS 
Wooden Moldings 

a. Must have, both outside and inside, at least two coats 
ot waterproof material, or be impregnated with a moisture- 
repellent. 

», Must be made in two pieces, a backing and a capping, 
and must afford suitable protection from abrasion. Must be 
so constructed as to thoroughly encase the wire, be provided 
with a tongue not less than % in. in thickness between the 
conductors, and have exterior walls which under grooves 
shall not be less-than 3% in. in thickness, and on the sides 
not less than % in. in thickness. 

Metal Moldings 

c. Each length of such molding must have marker’s name 
or trade-mark stamped in the metal, or in some manner per- 
manently attached thereto, in order that it may be readily 
identified in the field. 

d. Must be constructed of iron or steel with backing at 
least .05 in. in thickness, and with capping not less than .04 
in. in thickness, and so constructed that when in place the 
raceway will be entirely closed; must be thoroughly galvan- 
ized, or coated with an approved rust preventive, both inside 
and out, to prevent oxidation. 

e. Elbows, couplings, and all other similar fittings must 
be constructed of at least the same thickness and quality of 
metal as the molding itself, and so designed that they will 


both electrically, and mechanically secure the different sec- 
tions together. 
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TUBES AND BUSHINGS 


a. Construction. Must be made straight and free from 
checks or rough projections, with ends smooth and rounded 
to facilitate the drawing-in of the wire, and prevent abrasion 
of its covering. 

b. Material and Test. Must be made of non-combustible 
insulating material, which, when broken and submerged for 
100 hours in pure water at 70° F. (21° C.) will not absorb 
over % of 1 per cent of its weight. 

c. Marking. Must have the name, initials, or trade-mark 
of the manufacturer stamped in the ware, so that inspectors 
may know who is responsible for defective fittings. 

d. Sizes. Dimensions of walls and heads must be at least 
as great as those given in Table 14. 


TABLE 14 
Dimensions of Walls and Heads of Tubes and Bushings 
Diameter External Thickness _ External Length 
of Hole Diameter of Wall Diameter of Head of Head 
(Inches) (Inches) (Inches) (Inches) (Inches) 
SURI cet nice G Dice ecienee en 182s sp anee oe {3 
% $14) Cid) a/0/ @ 0.0) 61.8 16° . 32 . 16° . 42 
beck ett ydial one oil eae 15. aoe 
var ee oe ik, bs 
dE a ee cect lig Bete is Sys aa ‘ lis. ‘ 74 
ET Bore 3 On parce eRe een PRAT MDa aionareve skeiteinets 
3 8 u i 3 
ries eae 23 He gan. _ % 
i a sti lee 2-9 He a eine Ai 84 
2 : gis rt eo i Sa Pe 
1 ) Bere. eve ere ere 333. ol 
26.0. 3H u re 
es Bo Tite tan io oe Gee oy 


An allowance of 1-64 in. for variation in manufacturing 
will be permitted, except in the thickness of the wall. 


GALCULATING CURRENT REQUIRED 
All calculations for quantity of current required to develop 
a given horse-power; to supply a certain number of lumens, 
or foot-candles, per sq. ft. of surface, or cu. ft. of volume; 
or to generate a given number of heat units, are based upon 
the kilowatt-hour. 
Examples—For Power—30-H. P. 220-volt motor? 
Allow 746 watts per horse-power: 
30 X 746 
Kilowatts—= ————— = 22.38 
1,000 
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For Light—One hundred 55-watt incandescent lamps? 
100 X55 
Kilowatts— ————— =5.5 
1,000 - 
For Heat—One kilowatt-hour—3,440 heat units 
—1%% horse-power. 


ELECTRIC GAS LIGHTING 


Electric gas lighting, unless it is of the same frictional 
system, must not be used on the same fixture with the elec- 


tric light. 


Plastering 


Plasterer’s work may consist of either interior or exterior 
plastering on wood lath, metal lath, patent lath, sheathing 
lath, plaster-boards, or wall-boards, or directly on brick, tile, 
stone, or concrete walls and other surfaces. 

In order to produce good work, the surfaces must be 
rigid and capable of holding the plaster; and only the best 
of materials, put on in a careful manner, must be used. 


MATERIALS USED 


The common materials used in making plaster are lime, 
Portland cement, natural cement, hydrated lime, patent or 
hard plasters, plaster of Paris, Keene’s cement, pulp and 
fiber plasters, hair or fiber, sand, and water. 


MEASUREMENT OF PLASTER WORK 


Details in the measurement of plaster work vary in dif- 
ferent parts of the country. The ordinary unit of meas- 
urement on plain surfaces, such as walls and ceilings, is 
the square yard. The allowances necessary in measuring 
surfaces and quantities must be clearly understood for a 
given locality. The cost will vary with the price of mate- 
rials and labor, and also with the number of coats used and 
the type of finish. 

The standard rules for measurement of plastering, adopted 
by the Employing Plasterers’ Association of Chicago, Ill., are 
as follows: 


“Lath and plastering to be measured by the superficial 
yard, from floor to ceiling for walls, and from wall to wall 
for ceilings. 

“In rooms containing one or more horizontal angles be- 
tween the floor and ceiling line, the ceiling to be measured 
from wall to wall, as though all walls were vertical, for 
contents of ceiling; and from flocr to highest point of ceil- 
ing, for height of wall. 

“Openings in plastering to be measured between grounds. 
No deductions to be made for openings of 2 ft. or less in 
width. One-half of contents to be deducted for openings 2 
ft. or more in width. The contents on all store front open- 
ings to be deducted, and the contractor to be allowed 1 ft. 
6 in. for each jamb by the height. 


“575 
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“All beams or girders projecting below ceiling line to 
have one foot in width by total length added for each in- 
ternal and external angle. 

“Corner-Beads, Arches, etc. All corner angles of more or 
less than 90 degrees, beads, quirks, rule joints, and mold- 
ings, to be measured by the linear foot on their longest 
extension, and one foot for each stop or miter. 

“Length of cornices to be measured on walls. Plain cor- 
nices of 2 ft. girth or less, to be measured on walls by the 
linear foot. Plain cornices exceeding 2 ft. girth to be meas- 
ured by the superficial foot. Add 1 linear foot to girth 
for each stop or miter. Enriched cornices (cast work), by 
the linear foot for each enrichment. 

“Arches, corbels, brackets, rings, center ‘pieces, pilasters, 
columns, capitals, bases, rosettes, bosses, pendants, and 
niches, by the piece. Ceiling or frieze plates over 8 in. wide, 
by the sq. ft. ; 

“Columns to be measured by the linear foot for plain 
plastered columns. 

“Cement wainscot to be measured by the sq. ft., openings 
to be allowed as for plain plaster. 

“Grounds for various classes of work to be as follows, 
unless expressly specified to the contrary: 


Grounds;for2Z:coatPlath work tac. <<0..5% ss viens eon erie %%-in. 
Grounds *for’3-coat ath works ces act. se wa as os ts 1-in. 
Grounds for3-coat metal lath ‘work... «2s. Ye..n sucaee 5g-in. 
Grounds for 3-coat metal lath work on %-in. iron 

FLAMIN TS Ain, Vas vw vier ciey wi ety WiMerersieLe He is else oN aes 14%-in. 
Grounds for 3-coat metal lath work on 1-in. iron furring.15-in. 
Grounds for hard mortar metal lath work.............. 5g-in. 
Grounds for hard mortar metal lath work, on %%-in. 

from "furrine od ose Sewlelcw eure a ieteicin ke Ge ie. sore Seen 1%-in. 
Grounds, for, 2-coat work. on. -brickgoriiile.. co. eee = 5¢-in. 
Grounds, for hard; mortar dlath, worker: ose sere eee 84-in. 


Where metal lath is sroken of, it applies to all wire or 
metal lath. 

“In accordance with agreements between the Interna- 
tional Operative Plasterers’ Union and the American Brother- 
hood of Cement Finishers, it is agreed that plasterers shall 
claim and do all exterior and interior plastering, whether of 
stucco, cement, or any patent material, when done in and by 
the usual methods of plastering, including the covering of 
all walls, ceilings, soffits, piers, columns, or any part of a 
construction of any sort, when any part of a construction 
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is covered with any plastic material in the usual methods of 
plastering. 

“In accordance with agreements between the International 
Operative Plasterers’ Union and the Ceramic, Mosaic & 
Encaustic Tile Layers’ and Helpers’ International Union, it 
is agreed that on all walls and ceilings upon which a founda- 
tion or base coat is put on by the plasterers, ample room 
shall be allowed for a final coat of not less than %-in., to be 
put on by the tile layers, to act as a binder and regulator 
for the float coat upon which the tile is placed. 

“It is also agreed that the plasterers shall use only sand 
and cement in the preparation of walls for the work as above 
stipulated. 

‘Tt is also agreed that this shall not interfere with the 
right of the tile layers to do the scratch coating on small 
jobs of one or two ordinary-sized bathrooms. No scratch 
coating shall be put on except by mechanics of either trade. 

“Patching of plastering after other mechanics shall not be 
done as a part of the contract price.” 


Other rules for measurement allow one-half the area of 
openings for ordinary doors and windows, while some make 
no allowance for openings of less than 7 sq. yds. Returns 
of chimney-breasts and pilasters, and all strips less than 12 
in. wide, are measured as full 12 in. 

In closets, the actual measurements are increased by one- 
half; and if shelves are in place before plastering, the actual 
measurement is doubled. 

For soffits of stairs, raking ceilings, or places difficult to 
reach, the actual measurements are increased by one-half. 

Round corners and arrises are measured by the linear 
foot. 

Circular or elliptical work should be charged at double 
measurement. 

SUPPORTS FOR PLASTER 


Wood Lath. The best wood for laths is white pine, al- 
though spruce is used to a great extent. Yellow pine should 
not be used, on account of the pitch which it contains. Half- 
green laths are best for use, although dry laths may be wet 
before using. 

Wood laths vary in dimensions; but the common size is 
1% in. wide, 4 in. thick, and 4 ft. long. This length allows 
proper nailing to studding spaced either 12 or 16 in. on 


centers. 
In nailing, the laths should have a nail to each bearing, 
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and often two nails are required at the ends of each lath. 
In ceiling work, five nailings to a lath is preferred. 

The spacing of laths for ordinary lime mortar should be 
about %-in. in the clear, and about %4-in. for patent or hard 
plasters. Joints in lath work should be broken about every 
sixth lath. 

When laths rest on a bearing surface over 2 in. in width, | 
strips of wood should be placed under the lath so as to allow 
a space for keying the plaster. 

Wood laths are sold by the thousand, in bundles usually 
containing 100 laths. One thousand laths, if dry, will weigh 
about 500 pounds, but if wet or green will weigh about double 
this amount. 

Quantity estimates may be based on about 1,500 laths of 
standard size for each 100 sq. yds. of surface. This allows for 
a moderate number of angles, brackets, ete. Where work is 
divided into small or irregular surfaces, this quantity may 
vary considerably. 

A good lather will average vay 1,500 laths per 8-hour 
day; but this quantity may vary from 1,200 to 2,000, depend- 
ing on the men and the shape of the surfaces worked on. 

About 10 pounds of threepenny nails will be required for 
each 100 sq. yds. of wood lath. 

Plaster-Board. Many varieties of patented wall-boards are 
to be found on the market. These boards are used in the 
place of wood or metal lath, and are of service as a fireproof 
covering or for sound-deadening. 

Sizes of any particular board may be obtained from the 
literature of the manufacturer, together with directions for 
applying same to walls. A common size for plaster-board is 
32 by 86 in. Thicknesses vary from %4 to % in., but the 
standard board weighs about 1% pounds per sq. ft. 

In using plaster-board, the grounds will vary from 34-in. 
for boards %-in. thick to not less than %-in. for a board 
3-in. thick. The boards are nailed directly to the studding, 
furring strips, or joists, with the plastering side out.- The 
center of the board is nailed first, and the edges last. A 
space of 4-in. is left between boards, and each edge of the 
board must have a bearing on the nailing piece of at least 
%,-in. 

In applying on wood studding or joists, use 1%4-in., 11% 
gauge, 7/16-in. head, smooth wire nails set 4-in. apart, with 
each nail driven in firmly. 

On ceilings where leveling is required, %-in. by 2-in, 
furring strips should be used, set on 8 or 12-in. centers. 
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Boards should not be wet before applying plaster. 

Metal Lath. There are many kinds of metal lath on the 
market, varying from wire lath made from woven wire rein- 
forced with rods or V-shaped strips, to sheets of expanded 
sheet. steel either of the plain type or of the ribbed and per- 
forated type. The sizes of rolls and sheets of these materials 
vary to such an extent that itis necessary to consult the cata- 
logues of the manufacturers in order to determine the num- 
ber of rolls or bundles of a given kind of material needed. 

One pound of %-in. wire staples will fasten on about 10 
sq. yds. of wire or metal lath. 

Sheathing Lath. A combination of wood sheathing and 
lath is often used for holding plaster. This lath is made 
by special machinery from pine, hemlock, cypress, and poplar 
in 4, 6, and 8-in. widths, and in the same lengths as flooring. 
The edges are either tongued-and-grooved or square. 

The face of the lath is recessed so as to form a clinch 
for plaster applied to the surface. 

Grounds for Plastering. Grounds for ordinary lime plaster 
are usually % to %-in. in depth. For hard wall plaster, 
common depths are %-in. for wood lath; % or 5g-in. for 
brick or tile; %-in. over face of wire or metal lath; and 
%4,-in. for wall-board. 

Where pulp or fiber plaster is used, %-in. should be al- 
lowed for both lath and plaster. This will leave ¥%-in. for 
mortar after lath is on. 

It is always good policy to set grounds about %-in nar- 
rower than the finished work, so as to allow for the thick- 
ness of the finish coat. ; 


PATENT PLASTERS 


There are a great number of patent or hard wall plasters 
on the market, sold under various names. The composition 
of these plasters is nearly the same, the hardness depending 
upon the proportion of plaster of Paris or prepared gypsum 
used in their manufacture. These plasters give good satis- 
faction and make a hard, durable job. For quick work, or for 
use in cold weather, they are preferable to lime plaster, as 
-they will set and harden much more rapidly. 

When any of the hard finishes are used, the plasterer 
will generally try to work lime putty in along with the hard 
finish, to make it work smoother and easier. This may be 
permitted to the extent of about 15 per cent lime by volume. 

The covering capacity of the different patent plasters 
varies from 90 to 150 sq. yds. per ton of plaster. In estimat- 
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ing on this class of work, it is advisable to follow the quan- 
tities given by the manufacturer of the kind of plaster used. 


TWO-COAT PLASTER WORK 


Two-coat plastering—known as drawn work—consists of 
a first layer of plaster containing hair or fiber, applied as a 
base coat, followed immediately with a brown coat—these 
two layers constituting in reality a single coat. A finish or 
skim coat is applied as soon as the 2-layer under-coat has 
dried out. If the plaster is to be placed on brick or tile, the 
base coat, or first layer of the under coat, may be omitted, 
‘and only the brown and finishing coats used. 


THREE-COAT PLASTER WORK 


Where three-coat dry work is used, each coat is dried out 
before the following coat is applied. A scratch coat, brown 
coat, and finish coat are used. 

In work on metal lath, the first coat must be thin so as to 
stick and form a good surface, and also so that it may be 
pushed through the lath to form a good key. 


PORTLAND CEMENT PLASTER 


For methods, quantities, costs, and coloring materials, see 
page 340. 


LIME PLASTERING 


Lime. Lime is sold in most of the Eastern cities, by the 
barrel weighing 200 pounds net. If shipped in bulk, it is gen- 
erally sold by the bushel. A bushel of lime is figured as 80 
pounds, or 2% bushels to the barrel. 

A barrel of the best lime will swell to about 2 3/5 the 
bulk of the unslaked lime. It is generally estimated that a 
barrel of lime will make about 8 cu. ft. or 20 pails of lime 
paste or putty. 

Experience has shown that the best mortar is made by 
mixing 1 part lime paste to 2 parts sand. 

Three-Coat Work. The first or scratch coat is made up 
of first-quality lump lime, clean, sharp bank sand, and the 
best quality of clean, long cattle hair, mixed in the propor- 
tion of 51% barrels of sand and 1% bushels of hair to each 
cask or 200 pounds of lump lime. All materials are stacked 
in the rough for at least 7 days before using. 

The second or brown coat is made up in the same manner 
as the scratch coat, except that 61% barrels of sand and % 
bushel of hair are used to each 200 pounds of lime. This 
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second coat should be leveled and floated so as to be true at 
all points. 

The third coat may be either a white or putty coat or sand 
finish. If a white coat is used, it is made up of lime putty 
and equal parts of plaster of Paris and marble dust, or lime 
putty and some kind of hard wall plaster. This coat is 
thoroughly troweled and brushed to a hard, smooth surface. 

Where a sand finish is desired, the materials consist of 
lime putty and clean, washed beach sand, floated with a 
wooden or cork-faced float to an even surface. The surface 
finish should be of a texture similar to that of No. 1 sand- 
paper. 

A skim coat is often used as a finishing coat and is similar 
to the sand finish described above, except that the surface is 
finally gone over with a brush and small trowel until the 
surface becomes hard and polished. 

Two-Coat Work. In two-coat work, the first or scratch 
coat described in three-coat work, is brought nearly to the 
grounds, and carefully straightened to receive the finishing 
coat. 

The finish or skim coat in two-coat work is made up of 
nearly equal parts of lime, sand, and plaster of Paris. 

Hydrated Lime. Hydrated lime is simply pure lime in a 
powdered form—thoroughly slaked and screened when ob- 
tained in the commercial form. It is handled and treated 
as pure lime. In the preparation of putty it must be thor- 
oughly soaked and cured for 12 to 24 hours, the same as 
putty made from lump lime. The use of hydrated lime saves 
the cost and labor of slaking and running off lump lime. 

Keene’s Cement. This material is made by re-calcining 
plaster of Paris after soaking it in a solution of alum. It 
is used in work on wainscots, caps, bases, and also as a 
hard finish. - 

The first coat is made up of 1 part cement, 1 part lime 
paste, and 3 parts sand. 

The second coat is made up of 1 part cement, 1 part lime 
paste, and 4 parts sand. 

For first coat work, 1 ton of Keene’s cement will coat 
about 475 sq. yds. In brown coat and white hard finish, 1 
ton will cover about 300 sq. yds. In first and second coat 
work, 1 ton will cover about 350 sa. yds. 

If Keene’s cement is used for brown coat, and Keene’s 
finish on expanded metal lath, 100 sq. yds. of surface will 
require 550 pounds of cement, 51%4 bushels of lime, 2 cu. yds. 
of sand, and 2 bushels of hair for the brown coat, with 300 
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pounds of cement and 1 bushel of lime for the finishing coat. 

Lafarge Cement. Lafarge cement is often used for outside 
stucco work. It should be mixed as follows: 

First coat, 1 part cement, 3 parts sand, 25 per cent lime 
paste, and sufficient hair. 

Second coat, 1 part cement, 2 parts sand, and 10 per cent 
lime paste. 

One barrel of cement and 3 barrels of sand will cover 
about 34 sq. yds. %-in. thick. 

One barrel of cement and 2 barrels of sand will cover 
about 25 sq. yds. 3-in. thick. 


Mixing and Estimating Quantities for Plaster Work 

For scratch coat work, 350 pounds of hydrated lime and 4 
cu. yd. of screened sand should cover 100 sq. yds. 

For second coat, 200 pounds of hydrated lime and % cu. 
yd. of screened sand should cover 100 sq. yds. 

For float finish, 800 pounds of hydrated lime and %4 cu. 
yd. of screened sand should cover 100 sq. yds. 

For stone mortar, add 200 pounds of hydrated lime to 
56 cu. yd. of screened sand. 

For brick mortar, add 250 pounds of hydrated lime to 
5g cu. yd. of screened sand. This quantity should lay from 
1,000 to 1,200 brick. 

For cement mortar, use 100 pounds of Portland cement, 
150 pounds of hydrated lime, and % cu. yd. of screened sand. 

For waterproofing concrete blocks, 15 to 20 per cent of 
hydrated lime based on the weight of Portland cement used 
will give good results when mixed with the other materials 
used. 

Plaster Tables. Tables 1 to 10 show the estimator the 
number of sq. yds. of plaster required on rooms of different 
sizes. These tables cover several thousand rooms of varied 
dimensions, and each table has been verified and can be relied 
upon as correct. The numbers in the left-hand column and 
across the top designate the width and length of the room 
(in feet), while the height of ceiling is indicated at the top 
of the various tables. The number of sq. yds. indicated, of 
course, includes only side walls and ceilings, not the floor 
surface. 

These tables are reproduced by permission from the Red 
Book of the United States Gypsum Co., Chicago, Ill. 

Example: To obtain the’ number of sq. yds. in a room 
12x15x7 ft. Turn to the table giving measurement of rooms 
with 7-ft. ceilings; follow down the column of figures on the 
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left until you come to 12, then follow the figures to the right 
until you come to the figures directly under the figure 15 at 
the top of the page; the answer is 62 sq. yds. When the 
half-foot comes in the dimensions of a room, both ways, take 
the next largest number on one side. When it comes on one 
side only, add one yard, and it will be close. 


Quantities of Materials for Plaster Work. For 100 sq. yds. 
of 3-coat lime plaster work on wood lath, allow 10 bushels 
of lime, 42 cu. ft. of sand, 15 pounds of hair, and 100 pounds 
of plaster of Paris. 

For scratch and brown coat only, omit the plaster of 
Paris, and deduct 2 bushels of lime. 

For sand finish on scratch and brown coat, omit the 
plaster of Paris, and add 14 cu. ft. of sand. 

For 2-coat work on brick, stone, or terra-cotta walls, 
deduct 2 bushels of lime, and use 100 pounds of plaster of 
Paris. 

In white coat work, 90 pounds of lime, 50 pounds of 
plaster of Paris, and 50 pounds of marble dust will be needed 
for each 100 sq. yds. 

In skim coat work, 1 barrel of lime, 1 barrel plaster of 
Paris, and 1 barrel sand will cover about 140 sq. yds. 

Hard wall plasters vary from 90 to 150 sq. yds. per ton 
of plaster. 

Pulp or fiber plaster vary from 130 to 170 sq. yds. per ton 
of plaster. 

Cattle hair comes in bags containing one bushel of loose 
material, and weighing 6 or 7 pounds. 

Two-coat drawn work requires about 1,000 pounds of hard 
wall plaster and finish, and 2 yards of sand, for each 100 
sq. yds. 

Three-coat dry work requires about 1,600 pounds of plaster 
and finish, and about 21% cu. yds. of sand for each 100 
sq. yds. 

Three-coat work on metal lath requires about 2,200 pounds 
of plaster and finish, and about 8 cu. yds. of sand for each 
100 sq. yds. 

For Portland cement quantities, see page 345. 


Labor Costs in Plaster Work. In 2-coat work, two plaster- 
ers and one laborer will require about 12 hours for 100 
sq. yds., while 18 hours will be needed for the same number 


of men on 3-coat work. 
Allow about 6 hours of time for a laborer in fixing up the 


mortar beds and preparing mortar. 
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For ordinary cornice work, allow about 40 linear feet 
per man per 8-hour day. 

In outside work with Portland cement plaster, 1 man and 
1 helper will cover about 50 sq. yds. of 2-coat work in an 
8-hour day. 

Pebble-dash work costs about double the price of ordi- 
nary work. 

One plasterer and helper will do any of the following 
work in an 8-hour day: 

Put on 75 sq. yds. of one-coat finished work, using %-in. 
grounds. 

Put on 100 sq. yds. of second coating. 

Put on 100 sq. yds, of hard finish. 


a il al lll 


Painting and Decorating 


Paint is a mixture made from finely divided solid sub- 
stances, held in suspension in a liquid which is termed the 
vehicle, and capable of being spread upon the surface to 
which it is to be applied, by means of a brush or spraying 
apparatus. The different solids which are used in paint 
making are termed pigments. They do not become paint 
until they are mixed with the thinner vehicle; thus white 
lead, zinc white, ocher, Prussian blue, and Venetian red are 
all pigments, but they do not become paint until they have 
been mixed with linseed oil, turpentine, or other vehicle. 

Paint may either be mixed by the painter himself, or 
it may be obtained already mixed in two different forms— 
in one as a tinted paste to which the painter adds thin- 
ners, as his judgment dictates; or in the other, already 
thinned and prepared for immediate application. The latter 
are known as mixed paints, or ready-mixed. 

Ingredients of Paint. The principal white base pigments 
are white lead and zinc white. Besides these there are sev- 
eral white pigments which are variously regarded as inert 
pigments, or aS extenders. Among these are barytes, whit- 
ing, and gypsum. 

White lead, one of the oldest known pigments, is the 
hydrated carbonate of lead, and is of varying composition, 
no absolute formula: being recognized. White lead unites 
with linseed oil to form an inelastic, insoluble lead soap, 
and this property gives it one of its greatest values as a 
pigment. 

Sublimed white lead, which is used to a considerable ex- 
tent in mixed paint making, is not the true white lead, but 
is a lead sulphate that is white in color and is produced 
by a fire process. 

Zinc white, or oxide of zinc, is made by blowing a current 
of air through molten zinc. It is free from the poisonous 
qualities which render white lead objectionable for an indoor 
paint, and is not acted on by sulphur or gases which darken 
white lead. Zine white spreads much more rapidly than 
white lead, but does not cover so well, so that it will require 
four coats or even more of zinc white to hide a surface as 
well as three coats of white lead. It is very seldom used 
alone on exterior work, but almost invariably in combination 
with lead or some other white base. 
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Barytes, or sulphate of barium, is a native rock, which is 
very finely ground and is used as an inert extender of paint. 
It has no affinity for linseed oil, and absolutely no covering 
power. Four coats of barytes mixed with linseed oil will not 
hide a surface to which it is applied, and the film is prac- 
tically transparent. The same is true of silica, which is an- 
other so-called “inert pigment.” 

Whiting (pulverized chalk, calcium carbonate) is lighter 
in weight than barytes, and possesses a decided affinity for lin- 
seed oil. Mixed with oil in a paste form, it becomes putty. 
It has very little covering power in itself. 

Linseed oil, the oil expressed from the seed of the fiax, 
is remarkable from the fact that it unites with oxygen to 
dry to a waterproof film. It is this fact, that it is a drying 
oil, that gives it its great value in paint. Linseed oil is 
adulterated wtih various mineral oils, rosin oil, corn oil, and 
fish oil. The first named are the most common adulterants. 

Turpentine is the distilled sap of the long-leafed pine. It 
is used to make paint more fluid, and hence to make it spread 
easier. It dries by evaporation, leaving a slight, gummy 
residue. Owing to its price it is likely to be adulterated 
with the lighter mineral oils. 

Benzine, a petroleum distillate, is also used for diluting 
paint, and dries by evaporation without residue. 

Driers are oxidizing agents introduced into paint to pro- 
mote rapidity of drying. They are usually salts of lead or 
salts of manganese. In this country they are ordinarily 
found in liquid form; but in England, paste driers are usually 
employed. 

Kinds of Paint Mixtures. Mixtures of color are of three 
kinds, and may be termed oil, flatting, and distemper. The 
first is bright and glossy; the second is perfectly flat or dead 
(without gloss); and the third is like the second in effect, 
but without its durability. 

The chief body in oil and flatting color is white lead; 
but in distemper or water-color, whiting is substituted. 

The three ordinary vehicles in mixing are oil for oil color, 


turpentine for flatting, and water for distemper. In addition ; 


to these for insuring the drying of the mixtures, patent 
drier is used in oil color, japanner’s gold-size and varnish in 
flatting, and glue size in distemper. 

It would probably not be denied by anyone that a better 
paint can be made in a well-equipped factory than by any 
individual at home or in a small shop. Many ready-mixed 
paints are of the very best quality, but many are of poor 
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quality, made of cheap materials, and at the same time 
are sold with extravagant claims and at high prices. A 
very good rule to follow in purchasing mixed paints is to 
buy nothing which does not bear the name of the manu- 
facturer. If the manufacturer’s name does not appear on the 
label, this is very good presumptive evidence that he is 
not particularly proud of his product. 

The most expensive paints are generally white paints 
or very light tints. The reason for this is that there are 
comparatively few white pigments which have covering power 
—that is, the property of hiding the surface of the ma- 
terial painted. Samples of dry white lead and of dry whit- 
ing look much alike. Both are white powders, and a thin 
layer of each appears to be practically opaque. If, however, 
the two pigments are mixed in oil, the whiting is quite 
transparent, while the white lead is opaque. All of the 
cheaper white pigments are more or less transparent in oil, 
and are therefore deficient in covering power. White lead, 
zine white, sublimed white lead, zine lead, and lithopone are 
practically the only white pigments which have good cover- 
ing power in oil. These pigments are all rather expensive, 
and as they are heavy, it takes quite a large amount to make 
a paint. 

Of the dark shades, there are a number of cheaper pig- 
ments which have very good covering power. It may be 
quite safely stated that for a white paint that really covers, 
some one or more of the white pigments just enumerated 
must be used. For a dark brown, however, a good cover- 
ing can be obtained with an iron oxide pigment, which is 
very much cheaper. Therefore, for such paints there is no 
reason for using an expensive lead or zine pigment, 


COST OF WHITE PAINTS 


The United States Department of Agriculture has pub- 
lished data throwing some useful light on the subject of the 
cost of paints: 

“A vehicle for outside paint of the best quality will gen- 
erally consist of from 90 to 95 per cent of linseed oil, and 
from 10 to 5 per cent of japan drier. A good japan drier has 
about the same specific gravity as linseed oil, and each may 
be considered to weigh about 734, pounds to the gallon. of 
course, the prices of all paint materials vary; but at the 
present time linseed oil sells for approximately 90 cents a 
gallon, and a good gerade of japan can be bought for $1.60. 
In making up paints, the drier should be mixed with the 
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larger portion of the oil before adding the pigment. Using 
the prices and weights just given for linseed oil and japan 
drier, the liquid portion of a paint will cost about 95 cents 
a gallon, or 121%, cents a pound. White lead, both dry and 
in the form of paste, costs approximately 7 cents a pound, 
zine white approximately 8 cents a pound, and the other 
white pigments which cover well will not differ very much 
from these two in price. A gallon of white lead paint will 
weigh from 21 to 22 pounds. Fourteen pounds of dry white 
lead and 744 pounds of vehicle will make a gallon of paint; 
and at the prices quoted, the cost would be about $1.87; 
15 pounds of paste lead and 61%4 pounds of vehicle will make 
a gallon of paint, costing $1.82; 9% pounds of white zinc 
and 534 pounds of the paint vehicle will make a gallon of zinc 
white paint, costing about $1.46. 

“Of course, these prices are based on an assumed cost 
for the ingredients, and to make an exact estimate it would 
be necessary to know the exact prices of the different mate- 
rials entering into the paint. Many painters insist that a 
paint composed entirely of white lead, linseed oil, and drier 
is the best. Others contend that a mixture of white lead and 
zine white is the best; and still others say that a mixture 
of these pigments with the cheaper white pigments which 
have slight covering power makes a better paint than the 
expensive pigments alone. It is probably true that a mix- 
ture of lead and zine is superior to either pigment by itself; 
and also that the addition of a small amount of so-called 
inert pigments (silica, whiting, barytes, china-clay, etc.) has 
no injurious effect on the paint, and may even be beneficial. 
The addition of a large amount, however, of such pigments 
will give a paint deficient in covering power, and the addi- 
tion should have the effect of cheapening the product. There 
is no reason why any mixed paint should cost per gallon 
more than a paint made entirely of white lead, oil, and the 
necessary drier. By ascertaining the market price of white 
lead and linseed oil, the buyer should be able to calculate 
the maximum price for a mixed paint. 


COST OF COLORED PAINTS 


“Tinted paints, at least those of light tint, consist prac- 
tically of white paint, with the addition of a small amount 
of coloring matter. The coloring materials used in tinting 
are not uniform, and it is not possible, therefore, to give 
exact directions for producing a particular shade, since the 
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amount of color used will depend upon the individual char- 
acteristics’ of the particular lot on hand. 

“In Table 1 is given the composition - of several tinted 
paints, and also of bright red, bright green, and black. The 
composition of individual lots of paint of any of these tints 
or colors might vary considerably from that given, and 
the table is only illustrative of the materials from which 
these different kinds of paints may be made. 

“An estimate of the cost of the raw materials entering 
into the different formulae is also included. The total cost 
per gallon does not make any allowance for labor or for con- 
tainers, but is based solely upon the cost of the raw mate- 
rials, assuming that white lead and sublimed white lead cost 
7 cents a pound, white zinc 8 cents, and the other white 
pigments (barium sulphate, china-clay, whiting, and asbes- 
tine) 1 cent a pound. The price of the coloring material 
is given separately for each paint. These prices for the raw 
materials are a fair approximation of the retail price at the 


present time. 
“In calculating the cost of paints per gallon, it is assumed 


TABLE 1 
Composition and Cost of Tinted and Colored Paints 


Tints. Colored paints, 


Data. 
Gray. | Buff. | Yellow. | Drab. | Blue. 


Zinc white....-.. d F a 
Sublimed white A 0: ladeseese 
Barium sulphate. . 0 fu. ty 

China-clay......... 
Whiting...... 


Total pigment ee 

Nature of color.........-. 
Weight in pounds per gallon: 

otal, eke occvc dresses 14.7 


PigaeN Genes a siete nlsisae ve 
Vehicle... 2. 22 -~.2-5 5 wena 
Cost ce pound, dollars: 
or 
Total pigment. . . 065 
Cost _per gallon, dol 
Pigment. 541 582 512 «583 -591 


782 79 
1.32 


Vehicle +7 +777 . 763 «779 
1,36 1.29 1.35 1.37 


1 Bone black; tuscan red; ultramarine blue. 

2 Umber and ocher. 

8 Golden ocher. 

4 Ocher and bone black. 

6 Prussian blue. 

6 Bone black; venetian red; chrome yellow. 

7 Para-red. ; 

8 Five-sixths chrome yellow, one-sixth Prussian blue, 
* Carbon. 
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that the vehicle in all cases is the same as that above de- 
scribed, and it is valued at 12% cents a pound. 

“An inspection of the table shows that there is compara- 
tively little difference in the cost of the materials entering 
into these paints, with the exception of black paint, which 
is considerably cheaper than any of the others. The red 
paint is colored by an expensive color, para red, costing 78 
cents a pound; the rest of the pigment, however, is cheap; 
and it will be noticed that the paint weighs only 11.6 pounds 
per gallon, whereas some of the others weigh much more. 

“For dark shades of brown or red, there is probably noth- 

ing which is as cheap as the oxide of iron pigments. These’ 
vary very much in shade, giving both browns and dull reds. 
A pigment that gives a very satisfactory reddish brown and 
contains about 40 per cent of iron oxide, makes a satis- 
factory paint containing approximately 56 per cent pigment 
‘and 44 per cent vehicle, the vehicle being very much the 
same as that used in a first-class white paint. Such a paint 
will weigh about 13.5 pounds to the gallon, which, therefore, 
will contain 7.56 pounds of pigment and 5.94 pounds of 
vehicle. This pigment is cheap, generally costing not more 
than 1 or 1% cents per pound. The pigment in a gallon of 
this paint, therefore, would cost approximately 10 cents, 
and the 5.94 pounds of vehicle about 73 cents, giving a cost 
of 83 cents for the gallon of paint. 

“An inspection of these figures shows that the expensive 
part of this paint is the vehicle and not the pigment. A 
paint of this character is a very good material to apply either 
to wood or iron. There are more expensive paints, how- 
ever, frequently used on iron to protect it from rusting, the 
most popular being red lead and linseed oil. This material 
undoubtedly affords very good protection, but it is also ex- 
pensive. A red-lead paint cannot be made and kept as most 
other paints can. The red lead itself causes the oil.to dry, 
and no additional drier is necessary. In fact, red lead should 
not be mixed until just before it is used. A paint made 
of 70 per cent of red lead and 380 per cent of linseed oil 
will weigh about 19.8 pounds to the gallon. A gallon of 
paint, therefore, will contain 13.86 pounds of red lead, which 
costs about 8 cents a pound, making the cost of the pig- 
ment in a gallon of this paint approximately $1.11. The 30 
per cent of linseed oil will weigh 5.94 pounds, and a gallon 
of linseed oil 7.75 pounds, costing about 90 cents at the 
present time, or 11.5 cents a pound. The oil in the paint 
will cost, then, about 68 cents, and a gallon of red-lead 
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paint would cost $1.79, as compared with 83 cents for a 
gallon of oxide of iron paint. These two paints will cover 
about the same area of clean iron; and, while somewhat 
better service might be expected from the red-lead paint, 
it is more than twice as expensive as the iron-oxide pro- 
ducts.” 

MATERIALS FOR OUTSIDE PAINTING 

A good mixed paint should be composed, in the main, of 
white lead, zinc white, and the necessary coloring matter, 
thinned with pure raw linseed oil of good quality, with the 
addition of such pure turpentine and driers as may be nec- 
essary. The best quality mixed paints always bear the name 
of some reputable paint manufacturer. The best thing to 
do, in selecting a mixed paint, is to look carefully at houses 
that have been painted with it for several years, and note 
whether the paint is scaling off in blotches or is cracking 
and peeling badly. If a paint has been found to give good 
service, it is then safe to use it. 

Some mixed paint manufacturers make special paint for 
priming. This is often an inferior grade of ocher, which is 
objectionable because it has a tendency to throw off the 
subsequent coats of paint. While the regular mixed paints 
may be used for a priming coat on new wood by adding from 
one-half to an equal volume of pure raw linseed oil, as a rule 
it would be very much better to prime with pure white lead 
and linseed oil, using the mixed paint on the second and 
third coats. If the mixed paint is found to be too thick, 
pure raw linseed oil should be used for priming. Boiled oil 
should not be used. 

Pure white lead can be readily used for the priming coat, 
as it needs no special knowledge of color mixing to prepare 
it. For 100 pounds of white lead in oil, it would be neces- 
sary to use 4 gallons of raw linseed oil, half a gallon of pure 
turpentine, and one pint best liquid driers to thin it. A 
25-pound keg would require one-fourth of these quantities, 
and would make about 2% gallons of paint. In breaking 
up and thinning down the lead, it should first be put into 
a keg or tub large enough to contain the lead and all the 
thinners. The driers should be mixed in with the oil, and 
the oil added gradually to the lead paste, stirring and work- 
ing it up thoroughly by means of a wooden paddle. After 
the lead and oil have been thoroughly incorporated, the 
turpentine should be added. The addition of a very little 
lampblack in oil, say not over a half to one pound to 100 
pounds of white lead, will tint the priming a light lead 
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color, and aid in covering up any discolorations in the wood 
due to sap or weather stains. After the lead and oil have 
been mixed as above directed, the paint should be strained 
through a fine wire sieve, to remove any skins or lumps. 
The paint should be mixed the day before using, if possible; 
and should the house be a large one, requiring a good deal 
of paint, it is well to mix only half the quantity required. 
This will avoid any loss from the paint skinning over, if bad 
weather comes up to delay.the work when partly completed. 

Before the work is primed, all knots and sappy places 
should be coated with strong orange shellac varnish. 

After the work has been primed, all nail holes and cracks 
should be thoroughly puttied up with pure whiting and lin- 
seed oil putty. This should be well worked in with a putty 
knife, and any excess of putty seraped off the surface to 
prevent a lump. Pure putty is difficult to obtain, but it can 
be bought. It will cost probably three cents or more a 
pound, but is far superior in every way to the cheaper grades 
that can be bought for as low as 1% cents. 

Although the autumn is usually considered to be the best 
season of the year for painting, because the paint dries 
slower than in summer time and the sun is not sufficiently 
hot to cause blisters, good painting can be done at any time 
of year, provided due care is used. 


What Not to Do. The following precautions must be em- 
ployed at any season: No painting should be done on a 
damp surface; and if there has been rain, dew, or frost, 
work should not be begun until the sun has thoroughly dried 
off all moisture. If the air is dry, and the surface to be 
painted is dry, a very good job can be done in very cold 
weather. Ample time must be allowed between coats for the 
under coats to be thoroughly dry. At least 48 hours, and 
preferably a week, should be given. 


In using mixed paints in cold weather, it is well to add 
half a gallon of turpentine to five gallons of mixed paint 
on the first coat, and one quart of turpentine to five gallons 
of paint on the last coat. If necessary, a small quantity of 
best liquid drier may be added; but, as a rule, mixed paints 
contain enough drier to make this unnecessary. The paint 
requires to be brushed out thoroughly in cold weather. 


Best Brushes to Use. The best brush to use for outside 
painting is the “6-0” (six-naught) round or oval brush—also 
known as the “pound brush’—for the body color, and the 
“5-0” brush for the trimming colors. Two “sash tools” are 
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also needed, one for the trim color and one for the sash 
color. 

The 6-0 brush is recommended because it is the only 
shaped brush which has sufficient elasticity to thoroughly 
brush the paint out into a very thin film. It is impossible, 
with a flat brush, to get into the corners as well as with a 
round brush, nor can the color be rubbed out so thoroughly. 

Good brushes are an expensive item in painting, and it 
is economy to buy none but the best. Brushes. made from 
white bristles command a somewhat higher price than those 
made from gray or black bristles of the same quality, al- 
though there is no reason why the darker brushes should not 
pe just as good. A round brush made with a hollow center 
is more elastic than one made with a solid center, and is 
therefore preferable. The bristles are set in cement, and 
are firmly bound by being wrapped with wire in the round 
brushes, or being enclosed in metal in the flat brushes. 

Brushes of excellent quality are made in which the bris- 
tles are set in rubber and then bound in a hard rubber fer- 
rule. These are somewhat more expensive than the ordinary 
brushes, but are supposed to wear longer. 

Besides the brushes already méntioned, the painter wants 

a “duster,” which is used for removing any surface dust or 
es dirt from the wood before painting. 

The wall brush is generally used just as it is made, while 
the round brush is usually “bridled” or bound with twine, 
or with a metal or patent bridle, which serves to shorten 
the working length of the bristles and make them more 
elastic. 

Covering Knots. It is essential for the durability of the 
paint, that all knots or sappy places in the wood shall be 
coated with some material which will seal up the resinous 
matter within the wood and prevent it from causing blisters 
or otherwise destroying the paint. The best material known 
for the purpose is pure orange shellac. This is better than 
bleached shellac, since the latter has lost much of its 
strength owing to the chemicals employed in bleaching. A 
wood alcohol shellac, although inferior to one made by dis- 
solving the shellac in grain alcohol, is good enough for cov- 
ering these knots and sappy places. It is the practice of 
some painters to shellac knots before priming, but other ex- 
perienced painters maintain that better results are obtained 
by priming first. ~ 

Use of Thin Coats. Paints should always be applied in 
thin coats well brushed out. No greater mistake can be made 
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than the use of heavy coats of paint, although it is the cus- 
tom of many architects to specify “good, heavy coats.” 
Heavy coats almost invariably cause blistering or wrinkling 
of the paint skin, and will not last as long as thinner coats. 
The old practice of making the priming coat thin, and then 
following it up with two or more coats of paint mixed mod- 
erately stout and weil brushed out till they were thin on the 
surface, largely accounted for the durability of the painting 
of a generation ago. Three thin coats of paint will give 50 
per cent more wear than two heavy coats, although less ma- 
terial is used in the three coats. 


Thickness of a Coat of Paint. A gallon of paint mixed to 
a proper brushing -consistency and well brushed out will 
cover at least 600 sq. ft., and will make a film 2/1,000 in. 
thick. To get a more correct idea of how thick this would be, 
note that a newspaper sheet is about 3/1,000 in. thick. There- 
fore, a coat of paint is only % as thick as a sheet of news- 
paper. If there is an excess of oil in the lead, it will spread 
over much more than 600 sq. ft., giving a much thinner film 
and less pigment to protect the oil than if the paint had 
been properly mixed. 


Using Putty. All cracks and nail-holes must be thor- 
oughly filled with putty, in order to make a firm and solid 
foundation for the subsequent coats of paint. This putty- 
ing is usually done after the priming, but some painters pre- 
fer to putty before priming. The putty should be made from 
the best grade of bolted whiting, mixed with pure raw lin- 
seed oil. Very little pure putty is sold commercially, and 
much trouble results from the use of putty made from mar- 
ble dust and kerosene or containing these materials. The 
saving effected on a house by the use of cheap putty is so 
slight that the pure should always be insisted on. 


VARNISHES 


Kind of Varnishes. Varnishes are of two classes—oil 
‘varnishes and spirit varnishes. The first are made from 
certain resins known in the trade as “varnish gums” (al- 
though, strictly speaking, they are not gums) and linseed 
oil, and thinned with spirits of turpentine. (Cheaper grades 
of varnish are made from ordinary “rosin” (the resin of the 
long-leafed pine), and are sometimes thinned with benzine. 
Within recent years considerable tung or China wood oil has 
been used in the manufacture of certain grades of varnish. 
Oil varnishes dry or harden by the chemical change of the 
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linseed oil contained in them to form linoxyn by combining 
with the oxygen of the air. 

Spirit varnishes are made by dissolving the resin or other 
substance (resins are chiefly used) in a volatile liquid, such 
as alcohol or spirits of turpentine. When a varnish of this 
kind is spread over any surface, it dries or hardens by the 
evaporation of the volatile liquid, and the resin is then left 
spread over the surface in a thin film, the liquid simply hav- 
ing served as a mechanical means for spreading. 


Preparation of Wood Surface for Varnishing 


In very many cases where complaints are made of the 
poor work done by the finishers or the poor results obtained 
from the use of a certain varnish, the cause will be found to 
lie in the unfavorable conditions under which the work has 
been done. Often, before the carpenters, plumbers, or plas- 
terers have finished their work, the painter is urged to rush 
the work as fast as possible. The air is full of dust; the 
building is seldom heated, and the temperature is allowed to 
fall at night; the second coat of varnish follows as soon as 
the first is “set,” and before it has a chance to become thor- 
oughly dry. The carpenters seldom leave the woodwork in 
good condition for the painter. He finds it far from smooth, 
requiring both scraping and sandpapering, marred by pencil 
marks, dented by misdirected blows from the hammer, greasy 
from the fingers of plumbers and others, etc. 

To do a first-class job of hardwood finishing, all the other 
work should be completed before the room is turned over 
to the finishers. The rooms should then be thoroughly 
swept out, and the floors sponged off or wiped off with a 
damp cloth and allowed to become perfectly dry. The sash 
should be fitted and in place, and the doors hung; and both 
doors and windows should be closed to prevent draughts. 
An even temperature of about 70° should be maintained 
night and day. Wherever possible, doors should be taken 
from their hinges and laid flat on a pair of trestles while 
varnishing, in order to flow a more even coat. The door 
openings, in this case, can be closed with light frames cov- 
ered with building paper or cloth to prevent dust and cold 
air coming into the room. Unless these precautions are 
taken, and unless ample time is given, a first-class job of 
hardwood finishing is impossible. 

It must be remembered that there is an important dif- 
ference between painting and varnishing. Whereas paint 
should be applied in a thin coat, thoroughly brushed out with 
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a rather stiff bristle brush in order to work it into the pores 


of the wood, varnish should be flowed on in a heavy coat, 
and, when applied, should be allowed to level itself out. The 
luster and beauty of the varnish depend largely upon the 
depth or thickness of the film, and it naturally follows that 
a heavier coating can be applied to a level surface than upon 
a vertical one. Very few varnishes will stand crossing, but 
they should be applied in parallel strokes with the grain of 
the wood, using a wide, chisel-edged camel’s hair or elastic 
bristle varnish brush. There is no economy in using any 
but the very best brushes that can be bought. 

In preparing the surface, all pencil marks must be cleaned 
off. Greasy stains should be removed; ammonia is excellent 
for this, but it requires subsequent washing off, and, 
since it can be used only on such woods as do not 
contain tannic acid, as it darkens oak, mahogany, etc., gaso- 
line or naphtha is probably more generally satisfactory. 
Hammer dents in the surface can sometimes be obliterated 
by soaking well with water and holding a heated fiatiron in 
front of the dented spot. All plane marks must be carefully 
obliterated by means of steel scrapers, and finally the wood 
must be made perfectly smooth by means of sandpaper or 
steel wool. Extra care must be taken in doing this to avoid 
rounding off the edges of moldings and other sharp corners. 
Finally, every particle of fine sand and wood dust must be 
carefully dusted off, and the surface left perfectly smooth 
and clean. 

If the wood is an open-grained wood, it will need to be 
filled with a paste filler. If the wood is to be stained, the 
filler should be colored the appropriate tone. The staining is 
usually done before the wood is filled. 

After the paste filler has been applied and become dry, 
a thin coat of shellac should be given to the whole surface 
in order to produce a smooth, non-porous surface. Shellac 
being expensive, a liquid filler is often substituted; and in 
this case care should be taken to select one of good quality, 
made with a pigment base and a good varnish, and thinned 
with turpentine. There is so much adulterated shellac on the 
market to-day, cut with wood alcohol, that many finishers 
now prefer to start at once with the varnish coats instead 
of using a shellac or liquid filler surfacer. In any case where 
there is danger of moisture penetrating through the wood 
from behind, shellac should be avoided. Under no circum- 
stances should oil be used as a primer. 


After the work has been filled, all nail-holes, cracks, or 
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other defects should be puttied up. This is a matter requir- 
ing the most careful judgment. All wood darkens in time; 
and if the putty is tinted to match the new woodwork, in 
the course of five or six months every nail-head and every 
crack will show out against the darker ground. It is best 
to make the putty three or four shades darker than the wood 
at the start. 
Finishing Floors 

The first thing necessary in order to obtain a good job 
of floor finishing, is to get a perfectly smooth surface. Until 
recently the only way to do this was the tedious, back- 
breaking method of planing and scraping, the latter being 
done usually with the edge of a freshly cut piece of glass. 
When the cutting edge wears down, a fresh piece must be 
taken. Sandpaper, bent over a flat wooden block, is also 
used to cut down any roughnesses or raised grain. Steel 
wool is preferable for this purpose, on account of the greater 
rapidity with which it cuts. While this method is still very 
generally practiced, modern invention has come to the aid 
of the floor finisher and has produced a planing machine or 
surfacer that is pushed across the floor like a lawn mower. 

The first operation is filling the wood. Oak and other 
open-grained woods require filling with a paste filler; and 
while many painters laugh at the idea of a paste filler upon 
such woods as yellow pine and maple, experienced floor fin- 
ishers say that a better job can be done by using paste filler 
as a surfacer. The method of using is to apply the filler to 
a strip, say six or eight boards wide, running the entire 
length of the room. Use a short, stiff brush, and apply 
across the grain. By the time this strip has been completed, 
the filler will probably have set sufficiently to rub. It must 
not be rubbed before setting, or it will be rubbed off the 
wood; nor must it be allowed to set too hard, or it will be 
impossible to rub it at all or even to scrape off the filler. 
When the strip has set just enough, it must be rubbed well 
into the grain of the wood with burlap, always rubbing across 
the grain of the wood. After the filler has been thoroughly 
rubbed, any surplus material must be carefully wiped off 
with a soft rag. Before anything further can be done, the 
filler must be given time to dry—not less than 24 hours, and 
preferably two days. 

If the natural color of the floor boards is not satisfactory 
they should be stained before filling, and the filler should be 
colored with pigment ground in oil to bring it to the same 
color tone. 
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If there are cracks or nail-holes in the floor, they must 
next be filled, in order to make a smooth and perfectly uni- 
form surface. This filling may be done by using a pure 
whiting and linseed oil putty, tinted to match the floor 
boards; or it may be done better with a whiting and white 
lead putty made by mixing one part of white lead in oil with 
two or three parts of bolted whiting and enough coach var- 
nish to make a stiff paste. This putty will resist moisture; 
and, when dry and hard, it may be sandpapered or rubbed. 
For large cracks, an excellent unshrinkable putty can be 
made by soaking blotting paper in boiling water until it 
forms a pulp, then mixing it with glue dissolved in water. 
To this, bolted whiting is added in sufficient quantities to 
make a fairly stiff paste, and thoroughly kneaded. This 
paste must be pressed into the cracks and smoothed off with 
a putty knife. 

For those who do not care to make their own putty, there 
are excellent prepared crack-fillers on the market. 


Wax Finishing. By far the best material for finishing 
hardwood floors is wax, although this involves a little more 
trouble to keep in good condition. It gives a smooth, satiny 
luster, without the glaring effect of new varnish, and is not 
marred by heel-prints such as varnish is subject to. When 
wax grows dim, it can readily be polished again. 

Some painters advocate the application of the wax directly 
upon the paste filler, but the best practice is first to give 
one or two thin coats of pure shellac varnish. Where a 
slight darkening of the tone of the wood is no objection, 
orange or brown shellac is preferable to the bleached, since 
it is stronger. Shellac should be cut with grain alcohol, and 
not with wood alcohol. It is especially adapted where a 
hard and quick-drying undercoat is required. On a close- 
grained wood where a paste filler has not been used, either 
a thin coat of a first-class liquid filler, or a coat of one part 
of linseed oil to which from five to ten parts of turpentine 
have been added, should be given before applying the shel- 
lac. Unless there is an undercoating of some kind, it is very 
difficult to apply the shellac so that it does not show laps. 
Even then it requires skill and rapidity of work. In shel- 
lacking a floor, the plan of following down a space one or 
two boards wide should always be followed. The shellac 
cvat should be put on before the oil or liquid filler coat is 
absolutely dry. 

After shellac has become dry, the wax, in paste form, 
is applied. with a rag or a brush, and, after a short time, is 
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brought to a polish by means of a weighted brush or by 
rubbing with a cloth. Only a very thin coat of wax is neces- 
sary, a very little more being occasionally added. 

Quite a large number of specially prepared floor-polish- 
ing waxes are on the market, and care should be taken to 
select a material of this kind that will give a hard polish 
and will not remain soft and sticky. It-was the softness of 
the old-fashioned beeswax and turpentine that caused the al- 
most endless labor needed to keep floors in perfect condition. 
Modern wax finishes are made by combining beeswax or 
paraffine with some of the fossil waxes, or from the latter 
alone, giving a much harder surface. In general, the wax 
which has the highest melting point is best for the manufac- 
ture of floor waxes, because it is the hardest after applica- 
tion. Carnauba wax has a high melting point (185° F.), 
and may be used alone as a floor wax by melting it in a 
suitable kettle and thinning it with spirits of turpentine so 
that in cooling it has the consistency of soft tallow. In this 
condition it can be applied with a large brush. 

Two coats of wax on a new floor are better than one— 
the first coat being required to fill up, and the second to 
give luster—although, if sufficient polish is obtained by the 
first coat, the second will be found unnecessary. 

The preparation of wax finish is attended with so much 
risk from fire that it should be undertaken only over a water 
bath. Even then it is wiser for the ordinary painter to buy 
the prepared wax than to undertake to make it. 


Varnish Finish. A large number of floor varnishes are 
on the market. These varnishes, as a rule, are designed to 
~ harden over night. The surface should be prepared in the 
game way as for wax finish; and after the filler is bone dry, 
two or more coats of varnish should be applied. If desired, 
the varnish may be rubbed to a dead surface with pumice 
stone and kerosene. Practically every varnish will show 
heel marks, and will mar white by use. When the surface 
becomes worn, the old varnish requires to be either scraped 
off or removed with a varnish remover before a new coat of 
varnish can be applied, while with a wax all that is neces- 
sary to restore the surface to a good condition is to apply 
a little more wax and use the polishing brush. 

"When a waxed floor .gets dirty and shabby, it can be 
cleaned down to°the shellac with turpentine, and rewaxed 
at a small cost. It-is well to give a special caution against 
using a wax finish over a varnish coating, since the wax will 
soften up the varnish and cause trouble. 
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Oil Finish. A very satisfactory finish for rooms that have 
hard wear, such as schoolrooms, stores, and rooms in public 
buildings, is first to fill the floors, and then give them two 
thin coats of shellac, finally applying a very thin coat of 
paraffine oil or of a rubbing and polishing oil with a brush 
or a rag, and thoroughly wiping off any surplus remaining 
on the surface. This oiling should be repeated every few 
days, according to the amount of wear that the floor gets. 
This same treatment is specially adapted for kitchen floors, 
dining rooms, and other floors in private houses that are 
subject to hard wear. It is also well adapted to the cheaper 
floors, such as yellow pine or spruce. If mud has been 
tracked on the floor, it should first be mopped up with water, 
and this should be allowed to dry before oiling. One ad- 
vantage of the oiled floor is that it is ready for use as soon 
as the oiling is finished. This same method of oiling can 
be used over a varnished floor, and will preserve it from 
marring. 

Besides paraffine oil, crude petroleum may be used, or 
any of the so-called polishing oils or furniture polishes. 
Such oils can be made from machine oil or sweet oil and oil 
of lemon. 

Painted Floors. A floor finish not in such general use as 
it deserves is the painted floor. Paint has the advantage 
of hiding inferior floor boards and being cheap. There are 
a number of special floor paints on the market for use on 
kitchen floors and other rooms having a good deal of wear. 
These paints are made so as to dry over night, and as a 
rule are fairly satisfactory. However, there are many rooms 
of a better class for which these cheaper mixed paints are 
unsatisfactory. For these rooms, the floors should be primed 
with pure white lead and linseed oil, tinted with a small 
percentage of lampblack (not over 2 per cent), and followed 
by two coats of paint of the desired color. The last coat 
should be mixed with: turpentine to dry flat; and when it is 
thoroughly dry, the floor may be given two coats of good 
floor varnish. This will give a floor that can be kept in good 
condition for a long time by aid of the floor oil described 
above. Instead of finishing with a varnish coat, the last 
coat of paint may be left in full gloss, provided it can be 
given ample time for drying, say at least a week. This will 
give an excellent floor so far as durability is concerned, but 
it will not have as good an appearance as a painted and 
varnished floor. 


A painted floor can be made quite ornamental by the 
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use of a stenciled border, which should be put on before the 
varnish coats. The most appropriate designs are those which 
resemble mosaic work in their effects, or interlacing strap- 
work. When the colors are properly chosen, care being taken 
to avoid glaring contrasts, a painted and stenciled floor is 
fully as effective as a hardwood floor; and it possesses one 
distinct advantage in that it can be adapted to any decora- 
tive color scheme desired for the room. 

A floor that is grained, especially one grained in oak, has 
one of the most durable finishes that can be given, requiring 
very little attention other than wiping up with a damp cloth 
or mop. If well done, it is fully as effective as a hardwood 
floor. 


For figuring cost of floor finishing, see date given below 
under head of “Estimating Cost of Painting.” 


STAINS 


The principal varieties of stains are oil stains, water 
stains, alcohol or spirit stains, acid and alkali stains, pig- 
ment or wiped stains, wood dyes, and the fuming process. 
The color of open-grained woods, like oak, ash, chestnut, etc., 
may be modified by coloring the paste filler by adding some 
pigment to it. In addition to the above methods of staining, 
all of which are used by the painter and hardwood finisher, 
there are large quantities of stains sold that are intended 
principally for the use of the amateur who wants to stain 
and finish in one operation and who does not possess the 
mechanical skill or technical knowledge needed to use a true 
stain. There are two classes of stains of this kind. The 
first, “known as “varnish stains,’ consist of varnish mixed 
with some dry pigment ground in it. These varnish stains 
require constant stirring while using, to prevent the pigment 
from settling out or the color from running streaky. Such 
stains are suitable only for household work, touching up 
chairs and the like that have become disfigured and rubbed, 
or finishing some small article, and are entirely unsuitable 
for finishing the woodwork of a new house. 

Another class of single-operation stains and varnishes, 
consists of varnish that has been colored with aniline dyes. 
These have the advantage of being uniform in color, since 
there is no pigment to settle out; but as all aniline’ colors 
are more or less fugitive, it is likely that these new varnish 
stains would fade more or less on exposure to strong light. 
Their greatest disadvantage is that they dry so quickly that 
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it is difficult to avoid showing laps when used on broad sur: 
faces like door panels. 


SHINGLE STAINS 

A good shingle stain may be made by using pure white 
lead (in oil), strong chrome green (in oil), raw umber, and 
a little lampblack, mixed until the desired shade is reached, 
thinning with boiled linseed oil and a little japan. To 1 
quart of this paint, add, for dipping purposes, 5 quarts creo- 
sote oil; and for application with the brush, mix 1 quart of 
the oil paint and 3 quarts of creosote oil. A common esti- 
mate is that 3% gallons of stain will be sufficient for 1,000 
shingles, dipping two-thirds of the shingle. 

Covering Capacity of Shingle Stains. The following esti- 
mate of covering capacity of shingle stain is based on the 
average cedar shingle, size 4 by 16 in. 

One gallon of stain will cover 150 sq. ft. one brush coat, 
or 100 sq. ft. two brush coats. 

Two and one-half to 3% gallons of stain will dip 1,000 
shingles. Two-thirds of length of shingle to be dipped. 

Three gallons of stain will.dip and brush-coat 1,000 shin- 
gles in some cases. 

The covering capacity of creosote bleaching oil is about 
one-fifth less than the above figures. 


FILLERS 

Fillers for use in painting or finishing woods consist of 
liquid and paste types. 

Liquid fillers are sometimes used as first coats on close- 
grained woods where cheapness is desired and where shel- 
lac is considered too expensive. These fillers are not in- 
tended for use on open-grained woods, as they are not fill- 
ers in the strict sense of the word. They are merely in- 
tended for use as a first coat, and will not fill the grain of 
such woods as oak, ash, chestnut, etc. This type of filler 
should not be used for first coats in. finishing floors or on 
fine natural wood finishing. 

The covering capacity of liquid fillers varies from 250 
to 400 sq. ft. per gallon. 

Paste fillers vary in consistency according to the kind 
of wood to be filled, the more open-grained woods requiring 
the filler to be heavier in body than the close-grained woods. 
For instance, walnut and mahogany are open-grained woods, 
but are not nearly so open-grained as ash, oak, or chestnut; 
therefore the filler used on walnut or mahogany need not be 
So heavy as that for the other kinds of wood named. 
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The following rule for reducing paste fillers is often used: 
For oak, chestnut, ash, and other very coarse-grained woods, 
use 7 to 9 pounds of filler to the gallon. For walnut, mahog- 
any, butternut, and other similar grained woods, a mixture 
of 6 pounds of paste filler to the gallon may be used. 

The covering capacity of paste filler reduced for use is 
about 300 sq. ft. to the gallon on work in which there is no 
waste. 

PAINTING CONCRETE 

The amount of surface covered by a gallon of oil paint 
on concrete depends upon the degree of porosity of the 
concrete and the character of the paint used. As a rough 
approximation for ordinary smooth concrete walls made from 
a fairly rich mixture of materials, it may be estimated that 
one gallon of paint will cover about 250 sq. ft. for the first 
coat; 500 sq. ft. for the second coat; and 650 sq. ft. for 
the third coat. 

PAINTING TIN 

In painting sheet tin, scrape off all resin that may adhere 
to joints, and then thoroughly wash the surface with ben- 
zine, so as to remove all grease and dirt. Then apply red 
lead and linseed oil paint for the first coat. White lead and 
ocher should never be used. 

Quantities necessary for painting tin roofs may be found 
by the use of Table 2. 


PAINTING GALVANIZED IRON 

There is generally much difficulty experienced in getting 
paint to adhere firmly to galvanized iron; and various ex- 
periments are tried to overcome the trouble. The United 
States Government has adopted a plan that seems to be sat- 
isfactory. The specifications compel the use of vinegar for 
washing surfaces preparatory to painting. This roughens 
or corrodes the surface, and gives the paint better adhesion. 

Quantities of materials needed for a given surface may 
be found from Table 2. 


LIQUID BRONZE 
A bronze paint thinned with turpentine or benzine, and 
containing a little varnish as a binder, will cover about 800 


sq. ft. per gallon. 
If “banana liquid” is used, the covering capacity will be 


about 700 sq. ft. per gallon. 
Where bronze powder is used, one ounce of powder will 


cover about 25 sq. ft. of surface. 
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The above quantities are for surface of average smooth- 
ness. 

Finishing Radiators. One of the most durable finishes 
for radiators and steam pipes that are exposed to great heat. 
is aluminum bronze, mixed to a consistency of paint in the 
so-called “banana liquid.” This is a solution of celluloid in 
amyl acetate, and is very explosive if brought in contact with 
fire; hence it should never be used in a room lit by gas or 
lamps, or in which a fire may be burning. It has a very 
peculiar and pungent odor which is disagreeable to many 
people, but which passes off within a day or two. Bronzes 
thinned with this medium hold their color well, and stand 
exposure to the weather. It may be used with gold, copper, 
and colored bronzes, as well as with aluminum; but the 
latter is the most durable, especially when subjected to great 
heat, as in the case of radiators, besides presenting a very 
pleasing appearance. 

For painted radiators and steam pipes, zinc white should 
be used as the base, and it should be colored with some pig- 
ment not easily affected by the heat. For a light- buff, Italian 
sienna may be used, lightened, if desired, with permanent 
yellow (zine yellow). For other tints, such colors as ultra- 
marine blue, drop black, burnt sienna, red oxide or Tuscan 
red, Indian red, yellow ocher, chrome red, or madder lake 
may be used; but on no account should chrome yellow, 
chrome green, Prussian blue, or other colors affected by heat 
be selected. The zinc white should be of the best quality, 
ground in damar varnish. If only zine white ground in lin- 
seed oil can be obtained, it should be washed with turpentine 
to draw off the surplus oil. The colors should be ground in 
japan. When the proper tint has been obtained, it should 
be thinned with turpentine to a creamy consistency, and a 
good pale baking varnish added to give a glossy surface, 
The pipes should be painted when fairly cool, and steam 
should not be turned on until the paint is dry and hard to 
the touch. 

Testing Linseed Oil. The simplest tests for the purity of 
linseed oil are the smell and the taste. Good, raw linseed 
oil should be of a light yellow color; a greenish oil usually 
indicates that it has been made from unripe seed and is not 
fit for use in first-class paint. Pure linseed oil, when first 
placed on the tongue, has a bland taste, turning afterward 
to slightly bitter and rasping. The presence of either rosin 
or mineral oil as an adulterant gives a decidedly nauseating 
taste. A few drops of pure linseed oil rubbed briskly be- 
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tween the palms of the hands should have only the char: 
acteristic odor of flaxseed; a faint odor of rosin indicates 
adulteration with rosin oil, while an odor of machine oil 
shows the presence of mineral oil. If there is a sweet, mealy 
smell of fish or menhaden oil, it is very difficult to disguise 
when the oil is heated; but fish oil is little used as an 
adulterant. 

If a drop of the suspected oil is placed on a piece of 
black japanned tin or on a sheet of glass painted black on 
the other side, the presence of mineral oil will be detected 
by a bluish iridescence or bloom, when held in a strong 
light, sometimes extending as a ring beyond the drop of oil. 

A simple test is to make a freezing mixture of ice and 
salt, placing a small portion of the suspected oil in it, with 
the bulb of a thermometer in the oil. If the oil congeals 
to a solid or butter-like consistency at a temperature higher 
than eighteen degrees below zero, it is not pure linseed oil, 
but may contain an excess of water, or may be adulterated 
with rosin oil (freezing point 6° F.), or with rape seed oil, 
which is apt to come from imperfectly cleaned seed and 
which freezes at 25° F. Fish oil has a still higher freezing 
point, 32°., or that of water. 

Another simple test is to take a white glass bottle about 
8 in. high, and pour in oil to a depth of about 2 in. Add 
3 or 4 drops of sulphuric acid, and shake. 

If the mixture becomes a very dark brown, thick, syrup- 
like substance in a few minutes, the oil is linseed. If it 
does not change quickly, let it stand over night; and if there 
is linseed oil in the mixture, it will form the syrup at the 
bottom of the bottle. By measuring the height of the syrup 
at the bottom of the bottle, the percentage of adulteration 
may be determined. 

Testing White Lead. White lead, purchased in unbroken 
packages bearing the name of any reputable corroder, is 
reasonably certain to be pure. Occasionally it may contain 
a trifle of silver or of uncorroded blue lead, either of which 
renders the white lead off-color. But when white lead is 
offered under fancy names, either branded with a jobber’s 
or grinder’s name, or with no firm name, and especially when 
it is offered at less than the current market quotations for 
white lead, one may feel certain that it is a so-called “com- 
bination” lead, or a mixture of white lead, zinc white, and 
barytes. 

To test white lead in oil for purity, scoop a small hole 
in a piece of charcoal, and place in it a portion of the lead 
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about the size of a small pea. A gas flame, or the flame of 
a spirit lamp, is then directed upon it by means of a blow- 
pipe. The lead must be held in the point of the flame, and 
a steady blast must be maintained. A minute or two should 
reduce. the white lead to a button of metallic lead, provided 
it is free from adulteration. If any zinc, barytes, whiting, 
clay, or silica be present—even if only 5 or 10 per cent—no 
metallic button can be formed, but the substance left will be 
a whitish, yellow, or gray cinder-like mass. 

To test white lead for the presence of barytes (the most 
usual adulterant), place about 20 grains in a test tube, 
which should be filled about half full of dilute nitric acid. 
’ Pure white lead will completely dissolve, with some effer- 
vescence, while barytes will remain as an insoluble precipi- 
tate in the bottom of the tube. 

The oil may be removed from white lead ground in oil, 
by placing it on blotting paper and saturating it with ben- 
zine or gasoline, which is then allowed to evaporate. 

White lead, however, may be pure, yet of inferior qual- 
ity, owing to imperfect corrosion. or to lack of care in its 
manufacture. A good white lead should be reasonably white, 
with a very slight yellow tone as distinguished from the 
dead white of zinc white. The quick-process leads, as a 
rule, are whiter than those made by the old Dutch process. 
A dark, somewhat gray color indicates imperfect corrosion. 
The lead should be of good density and not too oily, but 
should be ground so as to “string out” when taken up from 
the keg with a paddle. Lead of this character does not 
break up so readily as a “short” lead, and is much more 
durable for outside work. 


ESTIMATING COST OF PAINTING 

Estimate Systematically. It is very easy to overlook 
Something, and the only safe way to avoid it is to go about 
the matter systematically, taking room by room, if the work 
is interior, and exercising equal care to measure and in- 
clude all surfaces to be covered if the work is exterior. A 
book should be ruled for estimating so as to show the super- 
ficial measurements, the number of Square feet, and the 
allowances or corrections, so that the last column shows ‘the 
equivalent number of square feet of plain surface. The dif- 
ferent kinds of wood and the different classes of workman- 
ship should, of course, be kept entirely Separate, in order to 
avoid confusion. 


The most important thing for a painting contractor to do 


re 
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is to keep a record of cost of every job, giving in tabulated 
form an exact statement of the number of hours work and 
the amount of materials required. These are things that 
every contractor must find out for himself, because the meth- 
ods of handling work in different localities are different, and 
each man must fix his own prices. 

The careful painter does not guess at heights, lengths, or 
the areas of surfaces, but measures everything carefully with 
a rule or tape. All measurements and calculations should 
be checked for accuracy, and also to see that nothing has 
been omitted in taking off the measurements. 


MEASUREMENTS FOR PAINTING 


When both ends and both sides of a building are of the 
same size, it is necessary to measure one end and one side 
only; then double these dimensions, and multiply their sum 
by the height to the eaves. If the building is of irregular 
outline or is cut up considerably, it is best to run the line 
completely around the building, taking care to press it into 
all the angles. In this way, the circumference is obtained, 
which, if multiplied by the height to the eaves, gives the 
number of sq. ft. of area in the wall surface to be covered. 

Next, measure the gables. The areas of gables may be 
found by multiplying the height by the width of the end 
of the house, and dividing the result by 2. If both gables 
of the building are alike, multiply the area of one gable by 2. 

Porches and verandas, dormer windows, bay windows, 
cornices, and other additions to a building must be meas- 
ured separately, and noted in a different place on the esti- 
mate sheet, since the labor rate on these items will be dif- 
ferent from that on flat surfaces of large area. 

Plain work on cornices, verandas, etc., is often figured 
by the linear foot instead of by the surface area. Fancy 
lattice-work or large capitals on columns will have to be 
estimated in each individual case. 

Dormer windows, bay windows, etc., may be estimated by 
the lump sum for each one, remembering that the location 
of the dormer will make the labor cost higher than on 
straight walls. 

Gutters and downspouts may be estimated by the linear 
foot. On small jobs, it is not difficult to estimate the time 
needed for this class of work. The amount of surface to be 
covered may be obtained from tables of areas, provided the 
dimensions of the spouts and gutters are known. 

No deduction ‘has been made for window and door open- 
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ings in figuring surfaces to be covered. Wall spaces are 
usually measured solid, and it is estimated that the time 
spent in cutting around sashes, frames, etc., is as much as 
would be required in painting a smooth surface the size of 
the openings. 

If there are a great many small openings, or if there are 
a large number of small lights to be cut around, an addi- 
tional charge of one or two cents per sq. yd. should be made. 

If the roof is to be painted or stained, the number of sq. 
ft. of surface in the roof should be measured. A pitch roof 
may be measured from the ground by measuring off a space 
on the end of the building at an angle equal to the roof 
angle. The length of the side of the angle parallel to the 
roof line, multiplied by the length of the roof, will give the 
area of one side in plain work or with gables and dormers 
of the same pitch. 

Store fronts should first be measured as in the case of 
other surfaces. Then double, triple, or quadruple this meas- 
urement, according to the amount of work on the front. The 
height of a front or surface must be taken into considera- 
tion, and the amount of difficulty to be met in placing lad- 
ders, hanging stages, etc. Large fluted columns with orna- 
mental tops, fancy cornice, frieze, etc., may require that the 
measurements be tripled in order to arrive at a proper labor 
cost. ; 

Prices of labor and materials vary greatly in different 
parts of the country, and these are the main items to be 
taken into consideration. The conditions and surroundings 
of each individual job must be considered in attempting to 
fix a cost. If the surface to be painted is peeling, blistered, 
or in a bad condition which requires much scraping or 
burning off, the cost of the work will be higher. If a job 
is located at some distance from the shop, the cost of haul- 
ing equipment and materials to and from the job must be 
added. 


Official Rules for Measuring 


In order to give some basis by which estimates for paint- 
ing work could be intelligently made, the National Associa- 
tion (now the International Association) of Master House 
Painters and Decorators appointed a committee, about the 
year 1892, to devise a system of measurements which would 
be practicable for the entire country. This committee took 
two years to perform its work, and finally reported at the 
convention held in Baltimore, February, 1894, giving a very 


—— 
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practical system whereby all classes of work were reduced 
to a basis of square yards of plain painting. For example, 
lattice-work, when painted on one side only, is to be meas- 
ured by multiplying three times the height by the length. 

Some of the more important rules of the system of meas- 
urement are given in the following: 


Outside Measurements 


Clapboarded walls—Add one sq. ft. to each sq. yd. of 
measurement to allow for under edges of boards. 

Flat brick, wood, cement, or stone walls—Measure height 
by width, and add area of openings. 

Cornices (if plain)—Multiply the length by 1% times the 
girth; on high buildings, where the walls are not to be 
painted, by 4 times the girth. 

Bracket cornices—The length to be measured by from 3 
to 8 times the girth, according to ornamentation and height 
above ground. 

Outside blinds—Multiply the height by twice the girth 
for stationary, and by three times the girth for rolling slat 
blinds. Height by twice girth for shutters. 

Door-frames—If 6 in. or less in girth, the girth to be 
counted as 1 ft., and allow double girth for all in excess of 
6 in., multiplying by the length all around. 

Doors—Batten doors, add 1 in. to girth for each bead or 
batten, and measure square. Paneled doors, double the area. 
Measure edges twice on account of lock face and butts. 

Window-sash—If plain, measure the height by 1% times 
the width; if fancy, by 3 times the width. 

Balustrades—Take 4 times the height of one side, with 
the top surface of upper and lower rail added, and multiply 
by the length of the baluster rail. 

Columns—When plain, multiply the height by 1% times 
the girth; when fluted, by twice the girth, pressing the tape 
into the flutes. 

Capitals—Multiply the height by from 3 to 10 times the 
girth. 

Tin roofs—Measured square. 

Plain or beaded sheathing ceilings—Multiply twice the 
length by the width, adding 1 in. to the width for each bead. 

In dipping shingles, estimate at 400 sq. ft. for each 1,000 
shingles. 

Floors—Square measurement. 

Chimneys, conductors, spouts, barge boards, crestings— 
Four times the girth multiplied by the length. 
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Inside Measurements 


Ceilings—If washed and tinted, double surface. If washed, 
sized, and tinted, 3 times the surface. 


Walls—Make no allowance for openings if the finish is of 
hardwood, and allow one-half the area of openings if the 
finish is to be painted. If walls to be washed and tinted, 
add one-fourth to surface measurement, and make no deduc- 
tion for openings. 


Interior wood finish—If from 4 to 6 in. in girth, count as 
1 ft.; 12 and 18 inches, count as 3 ft. Add 1 ft. to the per- 
pendicular height for corner blocks. 


Baseboard—Allow not less than 1 ft. for height; and 
when base and molding exceed 10 in., count them as 15. 


Paneled dadoes—Two or three times the area. 


Painted floors—One and one-half times the area; double 
area for hardwood floors. Parquet floors, from 3 to 5 times 
the area. 


Moldings less than 4 in. in width, and separated from 
other finish, to be counted as 1 ft. 


Doors, window-frames, columns, etc.—The same rules as 
for outside measurements. 

To the above measurements might be added the following: 

Iron gratings, screens, or bars—Measure area of surface 
covered, and multiply by 4 or 6 as the case demands. 

Hand-rails, buttresses, stairs, and steps—Multiply surface 
measurement by 2. 

Skylights—Multiply surface measurement by four. 

Iron Fences—Fancy cast-iron work, 4 times the height of 
one side multiplied by length. Bar or pipe work, cireum- 
ference of pipe multiplied by length of fence. 

Board or picket fences—Twice the height of rails or pick- 
ets, and girth of same, multiplied by the length of fence with 
circumference of posts added. 

Domes and cupolas—Multiply the girth at the base by the 
greatest height, and this result by 3. 

Spires—If plain boarded, multiply the greatest girth by 
double the height. 

Single doors—Measure as 35 sq. ft. for each side, includ- 
ing trim. 

Interior side of windows—Same as for single doors. 

Wall decoration—See under “Calcimine,” p. 625. 

Woodwork in bad condition, add from one-tenth to one- 
half to the measurements given above. 
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Quantities of Materials for Painting 


Where the contractor has learned by experience to judge 
reasonably well as to the time required for doing a given 
piece of work, then the labor and material may be figured 
separately. It then becomes needful to know the average 
covering capacity of white lead or such other paint as may 
be used. This depends very much on the condition of the 
surface to be covered and its degree of absorption, as well 
as on the particular material employed and the fineness to 
which it is ground. 


In figuring from plans the painter not only needs to look 
over the specifications for his own work, but he must also 
examine carefully the specifications for other mechanics, 
since often there are items called for which do not appear 
on the plans, but which require painting or hardwood fin- 
ishing. Sometimes the mantels are furnished by the owner 
ready-finished from the factory, while at other times the 
painter must finish them. It is well to read carefully the 
specifications for the plasterer, the plumber, and the steam- 
fitter. Among other things that the painter should care- 
fully consider are the kinds of wood for interior finish; the 
kinds of wood for the floors, and whether they are to be 
finished; whether the cellar woodwork is to be finished by 
the painter, or whether he has whitewashing to include in 
his estimate. Who is to finish the radiators? Is the kitchen 
sink to be bronzed with aluminum? And the same of the 
outside of the sink. What walls, if any, are to be calci- 
mined or frescoed? Are there wood or plaster cornices to 
pe finished? Look out for wainscots, kitchen dressers, pan- 
try fittings, seats, or other wood fittings requiring finishing. 

Covering Capacity. For white lead, under average condi- 
tions of surface, the area (in sq. ft.), divided by 18, will give 
approximately the number of pounds of white lead in oil 
that will be needed to do a good 3-coat job of painting. The 
area (in sq. ft.), divided by 200, will give approximately the 
number of gallons of white lead paint that will be required 
to do the work, two coats. There would be very little differ- 
ence in the number of gallons of any good mixed paint that 
would be needed. 

One pound of paint will cover from 3% to 4 sa. yds. of 
wood for the first coat, and from 4% to 6 sq. yds. for each 
additional coat; on brickwork, it will cover about 3 sq. yds. 
for the first coat and 4 sq. yds. for the second coat. 

One pound of putty, on an average, will be sufficient for 
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about 20 sq. yds. of wall or ceiling where stopping (filling 
cracks, etc.) is needed. 

One pound of wax will cover about 125 sq. ft. of surface. 

One pound of glue, mixed with two gallons of water, for 
sizing, will cover about 100 sq. yds. of surface. 

One gallon of ready-mixed paint will cover 250 to 300 sq. 
ft. of wood surface one coat, or 175 to 225 sq. ft. two coats, 
or 125 to 150 sq. ft. three coats. 

One gallon of paint, emerald green, will cover about 25 
sq. yds. 

One gallon of paint, yellow, will cover about 44 sq. yds. 

One gallon of paint, stone color, will cover about 44 sq. 
yds. 

One gallon of paint, white, will cover about 44 sq. yds. 

One gallon of paint, zinc white, will cover about 50 sq. yds. 

One gallon of paint, prime color, will cover about 50 
sq. yds. 

One gallon of paint, black, will cover about 50 sq. yds. 

One gallon of paint, green, will cover about 45 sq. yds. 

One gallon of paint, bronze green, will cover about 75 
sq. yds. 

One gallon of mixed paint will cover from 25 to 30 sq. 
yds. on stonework; 80 to 90 sq. yds. on ironwork; and 40 
to 50 sq. yds. on plaster. 

One gallon of mixed paint will cover about 125 sq. ft. of 
brickwork for the first coat, or about 300 sq. ft. for the 
second coat. 

One gallon of shellac will cover 700 to 750 ft., one coat. 

One gallon of water stain will cover 650 sq. ft. on open- 
grained woods; 750 sq. ft. on close-grained woods, and about 
500 sq. ft. on soft woods. 

One gallon of spirit stain will cover about % the capacity 
of water stains. 

One gallon of oil stain will cover about 600 sq. ft. on 
either hard or soft woods. 

For shingle stains, see page 612. 

One gallon of paste filler reduced for use will cover about 
300 sq. ft. 

One’ gallon of liquid filler, hard oil finish, or varnish will 
generally cover from 350 to 400 sq. ft. for first coat, and from 
400 to 500 sq. ft. for subsequent coats. 

One gallon of enamel will cover about 260 sq. ft. on plas- 
ter, one coat. 

One gallon of varnish remover will treat about 150 sq. ft. 

For bronze paint, see page 613. 


PAINTING AND DECORATING 623 


In estimating per square of surface covered, the follow- 
ing proportions are often followed: 

Where lead and oil primer is used, new woodwork re- 
quires 3%, pounds of white lead, 1 quart linseed oil, and a 
little under % pint of turpentine per square (100 sq. ft.) of 
work. If used on common brickwork, 8% pounds of white 
lead, 4% gallon of linseed oil, and a little over 1% pint of tur- 
pentine per square. 

Coats other than priming coats require 214 pounds of 
white lead, 1 pint of linseed oil, and % ‘pint of turpentine 
per square for woodwork, and 3% pounds of white lead, 1 
quart of linseed oil, and 14 pint of turpentine per square on. 
common brickwork. 


Labor Quantities for Painting 


An average workman will do approximately the follow- 
ing amounts of work in an 8-hour day: 

Shellacking knots, 450 sq. yds. 

Puttying defects, 250 sq. yds. 

Sizing plaster walls, 250 sq. yds. 

Filling woodwork with paste filler, 65 sq. yds. on common 
work, or 25 sq. yds on high-class work. 

Lead and oil, priming coat, 80 to 100 sq. yds. 

Lead and oil, second coat, 80 sq. yds. 

Outside blinds, 8 pairs, first coat; and 10 pairs, second 
coat. 

Dipping shingles, 8,000 dipped % of length. 

Staining shingles, one coat with brush, 100 sq. yds. 

Varnishing, varies from 30 sq. yds. on balusters and sim- 
ilar work, to 90 sq. yds. on plain, flat surfaces such as floors. 

Graining, about 25 sq. yds. ’ 

On residence work, about 30 sq. yds. per 8-hour day for 
3-coat exterior work, including shellacking knots, puttying 
defects, and cornice and porch work. 

Interior shellacking, 70 sq. yds., one coat. 

Rubbing down work, about 30 sd. yds. 

Applying liquid filler, from 50 to 100 sq. yds., depending 
upon the class of work. 

Mineral paint, on small surfaces with angles, 80 sq. yds.; 
on large surfaces, 150 sa. yds. 

Lead and oil paint on plaster, 125 sq. yds. 

Cleaning work for painting, 40 sq. yds. on plain work. 

Painting on Metal. As regards the surface of structural 
steel covered by a gallon of paint, there is much difference 
of opinion among experts, some putting it at 300 or 400 sq. 
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ft., others as high as 1,000 or 1,200 sq. ft. The fact is that 
any paint can be brushed out by a skilled workman into an 
exceedingly thin film, while ordinary work will give a coat- 
ing at least twice as thick. In general it is not wise to 
estimate more than 500 or 600 sq. ft. of surface to the gal- 
lon, one coat. Varnish paints cover less than oil; but, if 
well made, they are more durable. 

Table 2 will give a general idea of the quantities of 
materials needed for different kinds of paints on metals, to- 
gether with covering capacities for one-coat and two-coat 
work. 

Painting Structural Work. Mr. Edward Godfrey gives, 
in Table 3, a great quantity of useful data in regard to 
the covering capacity and cost of paint on metal bridge and 
other steel structural work. 

Buildings—12 lbs. iron averages 1 sq. ft. surface. Add 10 
per cent for corrugations in corrugated iron. 

Steel Riveted Pipe—Add 3 per cent for laps. 

Painter’s Cost Record. The National Lead Company of 
New York publish a form of record blank which is very 
useful in determining the cost of a piece of work, and which, 
if properly filled out, will show the amount of profit real- 
ized. A sample of this blank, with properly filled-in items, 
is here reproduced (see p. 628). 

CALCIMINE 


Measurements. In measuring rooms for decorating, meas- 
ure ceilings as solid, and side walls as actual area less % of 
all openings. 

To Apply Calcimine 

Use a flat wall brush 5 to 7 in. in width, and apply ma- 
terial with a sweeping, slanting stroke, half-perpendicular in 
motion. Make a downward sweep slightly curved so that the 
material flows easily and leaves no brush marks. Apply 
in strips double the width of the brush. 

Tint the ceiling first, beginning at the side-wall angle, 
working back and forth the narrowest way of the room. 
Begin side-wall work at ceiling angle, and work down to 
base-board in strips double the width of the brush. 

Covering Capacity of Calcimine. As a basis for estimat- 
ing quantities of material needed in a given case, one pound 
of dry calcimine will cover the following average areas: 
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SOLpee pate dey DICKS =... ctersnsrterete sec ekelbeles helene 25 CON Ole wss 
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(Continued on page 628) 
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RECORD BLANK 
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Recapitulation 
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Labor 2S Hays So : 8 7.S0 

White Lead___HE 4S feasedle® 8° 38. 

Linseed oil_b gallons . fo* __ 42.80 

fig eae ae Tne 1.75) 
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Cartage 4.06 $146. o2 

Overhead Charges Welter 2 2LJ0 _f6T7-72 
Net Profit G2.08 
Per Cent. of Net aay ure ee SEEPS 
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Average areas covered by 1 gallon of mixed calcimine 
are as follows: Hard plaster walls, 270 sq. ft.; wood, 225 
sq. ft.; brick, 180 sq. ft. : 

For necessary quantities of sizing, see page 622. 


Labor Costs of Calcimine Work 


An average workman, using a 5-in. calcimine brush, will 
cover the following areas in one hour: 


Bricks Wall nc teon ce betes Lee re slog eee 20 sq. yds. 
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Celline=> (from step-ladder)\.<\... sree ns son bs eae CASA mee 
MMOORN Wally. arlucwbekaes sicre: seth va Sates Sek eee ee a hee 33 Tae 
TAGE SULLA CE acc rfit cies chous) 6 yu, 3cucho eho See Steen ie ee 40a Lee 


For labor costs in sizing, see page 623. 


WHITEWASHING 


A recipe for whitewash, issued by the Lighthouse Board 
of the Treasury Department, said to be very good for out- 
door exposure, is as follows: 

Slake half a bushel of unslaked lime with boiling water, 
keeping it covered during the process. Strain it, and add 
a peck of salt dissolved in warm water; three pounds of 
ground rice put in boiling water and boiled to a thin paste; 
half a pound of powdered Spanish whiting; and a pound of 
clear glue, dissolved in warm water. Mix these well together, 
and let the mixture stand for several days. Keep the wash 
thus prepared in a kettle or portable furnace; and when used, 
put it on as hot as possible, with painters’ or whitewash 
brushes. ; 

To Clean Whitewash from a Ceiling. Take 3 pints of flour 
and beat it thoroughly in cold water; then pour boiling water 
into it until cooked. Dissolve one pound of alum in hot water, 
and pour in the paste. Use the paste quite thick. Apply to 
the ceiling with a whitewash brush, being sure to cover the 
ceiling thoroughly; then close the room, and let it stand 
over night. In the morning the bits of lime left clinging to 
the ceiling are easily scraped off. Be sure to carry everything 
from the room before commencing work as the lime falls to 


the floor. 
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Glass and Glazing 


There are several different kinds and grades of glass man- 
ufactured for use in building construction. Among the dif- 
ferent kinds used are plate glass, sheet glass, ornamental and 
colored glass, figured rolled glass, wire glass, prismatic glass, 
and skylight glass. 

PLATE GLASS 


Plate glass is the highest grade of window glass. It is 
cast in large sheets on a flat table, and then polished. This 
glass is manufactured in sheets of different sizes, some as 
large as 12 ft. wide by 16 ft. long. The average thickness 
of plate glass is from % to 5/16 in. Large plates are made 
¥-in. thick. 

WINDOW GLASS 

Sheet glass, or common window glass, is so named on 
account of the method of manufacture. The glass is first 
blown in the form of a cylinder, then cut along the side of 
the cylinder and flattened on a stone. This method of man- 
ufacture causes a wavy appearance in the product, which 
readily distinguishes it from plate glass. 

Grades of Window Glass. Window glass is made in three 
different grades, in both single strength and double strength, 
the grading of the glass depending upon its color and bril- 
liancy, and the presence or absence of flaws in the material. 
The best quality is rated as AA, the second as A, and the 
third as B. The AA grade is supposed to be of very fine 
quality and free from flaws, while the A grade is the one com- 
monly used. B grade glass is used in cellar windows, fac- 
tories, greenhouses, or other places where the quality of the 
glass is not an important question. 

Stock Sizes of Window Glass. The regular stock sizes of 
window glass vary in width, by inches, from 6 to 16 in., and 
then, by increases of 2 in., up to 60 in. The length or height 
of these sizes varies from 8 in. up to 90 in. in the different 
sizes of single- and double-strength glass. The exact size of 
glass may be obtained from a list of standard sizes and prices 
of same, which may be obtained from any jobber. 

The thickness of ordinary window glass is about 1/16 in. 
for single-thick or single-strength glass, but coupe tack or 
double-strength glass is nearly %-in. thick. 

Mode of Setting. Ordinary window glass is held in mite 
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by means of small triangular pieces of thin tin which meas- 
ure about %-in. on a side, and finally by a strip of putty. . 
The tin points hold the glass in place until the putty has 
hardened. Large lights of glass require more points than 
small ones, but a good rule is to space the points about 6 in. 
apart, 

The amount of putty required for a given job may be 
estimated approximately on the basis of 1 pound of putty for 
each 25 linear feet around edge of glass. 

The number of points needed may be determined from 
the rule given above, knowing the number of linear feet of 
edge of glass. 

Method of Selling Glass. Window glass is sold by the box 
containing about 50 sq. ft. of glass. The number of panes 
per box will depend upon the size of the pane. 

If it is desired to find the number of boxes of window 
glass of a given size necessary for a job, divide 50 multiplied 
by 144, by the result obtained by multiplying the width of 
the pane by ite length. This will give the number of panes 
of glass per box. The total number of panes needed, divided 
by the number of panes per box, will give the number of 
boxes to be ordered. . | 

For example, suppose that it is desired to find how many 
boxes of glass would be needed to furnish glass for 12 win- 
dows consisting of 4 panes of glass, each 13 by 28 in.: 

50%144 

—_———=20) (nearly). 

13%28 
Thus it is seen that 1 box of glass contains 20 panes. If 
4% panes are needed, % boxes of glass would have to be or- 
dered, or 2 boxes and % extra panes. If 3 boxes were ordered, 
there would be a liberal allowance for breakage, and there 
would be some left over. If exactly enough glass was ordered 
to fill the job, there would be danger of a shortage due to 
breakage. 

WIRE GLASS 


Wire glass may be obtained as plain glass, either polished 
or rough, or a6 ribbed, prism, or figured patterns. The thick- 
ness of wire glass is %-in. or about %-in. Rough, ribbed, 
and figured wire glass may be obtained in widths up to and 
including 44 in. Figured glass may be obtained in lengths 
up to 110 in.; and rough and ribbed patterns, up to 144 in. 
Prism wire glass is about %-in. thick, and comes in widths 
up to and including 42 in., and in lengths up to 144 in. 
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PRISM GLASS 


Prism glass comes in sizes up to 60 inches high, and in 
lengths up to 138 inches. 


FIGURED GLASS 


Figured glass is made in a variety of patterns which are 
designated by name or, numbers by the manufacturers. One 
side of this type of glass is smooth, and the other rough. 
The thickness may be either % or 3/16 in.; while widths of 
pane may be 30, 40, or 42 in. -The lengths of panes may be 
up to about 100 in. 

SKYLIGHT GLASS 

Skylight glass may consist of prism or wire glass, fluted 
or rough plate glass, or clear double-thick glass. The prism 
or wire glass is the best for use in skylights, with fluted or 
rough plate glass as a second choice. If double-thick clear 
glass is used, lights may be from 16 to 30 in. long by 9 to 15 
in. wide. A 114-in. lap should be used at joints. 

Table 4 gives the thickness and weight per sq. ft. for 
fluted or plate glass for skylights. If a lap of 114. in. is 
allowed at the joints, the covering area of the glass will be 
diminished as indicated. 


TABLE 4 
Weights and Covering Capacities of Skylight Glass 


Size of plate. ....... 12x48 in. | 15x60 in. | 20x100 in. | 94x156 in. 
Thickness..........] a3; in. VY in. 3¢ in. 6 in. 
Area of plate.......| 4 sq.ft. |6.25 sq. ft.|13.8 sq. ft.|101.8 sq. ft. 


Covering capacity of 
late allowing 1144 


In. joints. ........ 3.87 sq. ft.|6.09 sq. ft.| 13.6 sq. ft.|100.8 sq. ft. 
ANON con dod oa ancl Cayowlest 3% lbs. 5 Ibs. 7 lbs. 


per sq. ft. | per sq. ft. | per sq. ft. | per sq. ft. 


The weights of other thicknesses of plate or fluted glass 
are approximately as follows: 


LUE | ANS OM PRR Se sony aT cu OF 2 pounds per sq. ft. 

BEAT Bows sepia Biectie bitte aie elet ek Sieteutaneteneeneene 8% phe i 

SAG bn We Re, See URN APES eMC ea SIE 10 wv Se Ech onc 
PUTTY 


Putty is made by mixing Spanish whiting reduced to a fine 
powder, with raw linseed oil, and kneading into a stiff paste. 
If hard putty is desired, turpentine may be substituted for 
a part of the oil. Soft putty is made by mixing 10 pounds 
of whiting and 1 pound of white lead with the necessary 
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amount of boiled linseed oil, adding to it half a gill of the 
best salad oil. The salad oil prevents the white lead from 
hardening, and keeps the putty soft so that it will stick to the 
glass at all times. 

Protection of Putty. In glazing, sashes must first be 
primed before being puttied; otherwise the wood will draw 
the oil out of the putty, and cause it to shrink and fall out. 
Putty on sashes should also be covered with a good coat of 
paint to protect it from the air, or it will shrink and get 
loose, as the oil dries out of it through contact with the air. 


Figuring Cost of Glazing 

Builders should procure price lists and discounts on all 
kinds and grades of glass from their nearest jobber or dealer. 
It is impossible to quote standard prices on glass, on account 
of the constant fluctuations which occur on the market. 
While the list price of glass may remain a constant quantity 
through a long period of time, the discounts—which really 
determine the price of the glass—change very frequently. 

In figuring the cost of glass of a given size, knowing the 
list price and the discount, the following data will be useful: 

Discounts are usually stated as “90 per cent and 20 per 
cent,” or as “90 and 10 and 5.” This method of stating dis- 
counts is interpreted as 90 per cent discount allowed off the 
stated list price, and then additional discounts off this re- 
duced price as indicated. For example, if the list price of a 
box of 10 by 14-in. double strength A grade window glass is 
$37.50, and the discount is quoted as “90 and 20,” the price 
would be found as follows: 

$37.50 X.90=$33.75 
Subtracting this from $37.50, the remainder is $3.75. Then, 
$3.75 X.20=$0.75 
Subtracting this from $3.75, the remainder is $3.00, the final 
cost of the glass. 

If the discount is given as “90, 10, and 5 per cent,” a 
similar procedure is followed, only the reduction is carried 
one step additional in calculation, so that 5 per cent is de- 
ducted from the second reduced price—making the final price, 
in this case, $3.21. 

Odd Sizes of Glass. Where fractional parts of inches or 
sizes of glass in odd inches are used, the cost of the glass 
should be figured on the basis of the next higher even inch 


size of glass. 
Fancy shapes or odd sizes of sheets should be figured on 
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the basis of the cost of the pane of glass necessary to fur- 
nish the size of shape desired. 


Labor Costs in Glazing 

Labor quantities in glazing are very uncertain. The mill 
worker who spends his time at this special line of work on 
sash, can do more in an hour than can the man who has only 
an occasional job of this kind. The type of window, size of 
glass, and size of putty fillet needed, will also affect the time 
unit. 

An approximate estimate may be based upon 1/6-hour per 
sq. ft. of glass area per glazier, where the glass is in fairly 
large sheets on new work. In old work, about 2/5 of an hour 
should be allowed per sq. ft. per man. 

In measuring this work, the dimensions must be taken be- 
tween the rabbets, and all irregular panes should be meas- 
ured according to the extreme dimensions each way, 


Paperhanging 


KINDS OF WALLPAPER 


Wallpapers may be classified as follows: 


(1) Papers printed with distemper colors; 
(2) Papers printed with oil colors; 

(3) Hand-block printed papers; 

(4) Machine-printed papers. 


Hand-printed papers are in many ways superior to the 
machine-printed article, but usually cost about twice as much. 

Wallpapers printed in distemper colors generally fade. — 

Papers printed in oil colors always darken and acquire a 
yellow tone; and allowance should be made for this when 
the woodwork of the room is painted. 

A flock wallpaper has a raised pattern of flock. 

A satin paper is one whose ground or pattern is polished. 

A frieze is a narrow paper of special design for the top 
portions of a room. 

A dado is a paper specially designed for the lower part of 
the walls of a room, and for the sides of staircases. A dado 
should be 38 ft. 6 in. from the floor to the top of the border; 
if the dado is kept too high, it gives the room a walled-in 
appearance. Staircase and hall dadoes generally run a little 
higher than those in rooms. Friezes and dadoes, as a rule, 
are used only in first-class work. 

Borders can generally be had of any width. 

Marble block papers, to look well, should be hung very 
carefully. They are now generally sent out lined, and very 
often varnished ready for use. 

Common or pulp paper is a wallpaper whose body is of 
the general surface or ground color. 


MEASUREMENTS FOR PAPERING 


'The methods of measurement vary to a considerable ex- 
tent in different localities. Some measure all walls as solid, 
without deductions for ordinary openings, except in the case 
of double doors, ete.; while others deduct one-half of a sin- 
gle roll of paper for each ordinary door or window. 

Another method is to measure all surfaces carefully, and 
deduct actual openings, allowing a little for waste. No de- 
duction is usually made for a border where used, since the 
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extra paper allowed will help to make up for the loss in 
matching, trimming, etc. 

. If there are large openings in a room, or if a high base- 
board, a wide frieze, or a dado is used, allow for these quan- 
tities in taking the surface to be covered. It is always policy 
to allow a little more paper than is actually needed for the 
wall surface to be covered. 


Figuring Number of Rolls Required 

A single roll of ordinary wallpaper is 8 yds. long by 18 in. 
wide; and a single roll of ingrain, felt, or cartridge paper is 
8 yds. long by 30 in. wide. A single roll of one-strip border 
is 8 yds. long by 18 in. wide. A single roll of two-strip bor- 
der is the same length and width, and contains therefore 16 
yards of border. Common wallpaper is put up in double 
rolls; and ingrain, felt, or cartridge paper is put up in triple 
rolls. Prices are quoted on single rolls. 

To determine the quantity of paper required to cover a 
room, divide the surface area (sq. ft.) to be covered by 30, 
which will give a fairly approximate estimate of the number 
of single rolls of common paper required, with allowance 
made for trimming and matching. 

If the paper is 36 in. wide, one-half the above number of 
rolls will be required. 

If the paper is 30 in. wide, and 8 yds. long, two-thirds of 
the above number will be needed. 

As an example, suppose that it is desired to find the num- 
per of single rolls of paper needed for a room 12 by 15 ft. 
with a 10-ft. ceiling; also the number of rolls of border re- 
quired. 

The distance around the room is 54 feet. The wall sur- 
face, therefore, is 54x10. This area, divided by 30, gives 18 
rolls of common paper needed. 

If there were two doors and three windows of ordinary 
size in this room, an allowance of 20 sq. ft. for each opening 
might be made. This would bring the surface area down to 
440 sq. ft., with a corresponding decrease in the quantity of 
paper needed, to 15 rolls, 

Since the distance around the room is 54 ft. (or 18 yds.), 
and a 2-strip roll of border contains 16 yds. of border, 1% 
rolls of border would be needed. 

If the ceiling of this room was to be papered also, there 
would be 180 sq. ft. of surface to be covered, which would 


require 6 rolls of common paper, or 8 rolls of 36-in. wide 
paper. 
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The waste to be allowed for trimming and matching will 
approximate 1 roll in every 8 single rolls. 

One gallon of paste should be allowed for each 9 rolls of 
ordinary paper. 

Table 5 will give the approximate number of single rolls 
of common paper needed for rooms of different size and dif- 
ferent heights of ceiling. 


TABLE 5 


Single Rolls of Common Paper Needed for Rooms of Various 
Sizes 


(Ceilings not included) 


HEIGHT OF ROOM ? 


Distance Around —=_——— | ——__ | —_____- 
Room in Feet 9 Ft. 10 Ft. ibd die 12 Ft: 
FAN fate, AE Eee har cee 6 7 8 8 
PLS aan 18 ee ee 8 9 10 10 
AM ert ale cient 9 10 11 12 
35 11 12 13 14 
ASS Mantas oa See 12 14 15 16 
rN ee ey eS rh 14 15 ily) 18 
50 15 17 19 20 
Disses Ase ee eee 17 19 21 22 
GOP ee ee 18 20 22 24 
OO eks ote Peete 20 22 24 26 
LOg Ac Eee 21 24 26 28 
(SEE Ronee tric 23 25 28 30 
SU eth Bi lps Aca eomrare p 24 27 30 32 
ts} ie ee ee ee 26 29 32 34 
SOR i Reh st aon 27 30 30 36 
ey Ae A a ding cae 29 32 35 38 
iM OSE ie Sen bes a ener 30 34 37 40 
OS ie ae A ee eae 32 35 39 42 
TADS as eterna oe cece 33 37 Al 44 
1b Hats as Pon, Dee tat ciear 35 39 43 46 
QO Rr en arenas 36 40 44 48 
LAs testy dae es ere re 38 42 46 50 
ESO GN ert aia crn 39 44 48 52 
N35 se octeat ie cet trek we 41 45 50 54 
WAV SA et, foe ee 42 47 52 56 
ADE io ee nce heures 44 49 54 58 
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TABLE 6 


Quantity of Wallpaper and Border Required for Various-Sized Rooms 
(Papering of ceilings not included) 


———— EEE eee 
= ee ee eo ee ene 


ee Tepeber Number| syle | hori 


i ions of Room of Ceil- of 
eerie Feet) ing, Ft. | Doors Winiows be Meat 

8 a4 1 6 11 

9 1 1 7 11 

10 1 1 8 11 

12 1 1 10 11 

8 iL 1 7 12 

9 1 1 8 12 

10 a | 9 12 

12 1 1 11 12 

8 | 1 14 

9 1 1 10 14 

10 1 1 11 14 

12 1 1 13 14 

8 1 1 9 15 

9 1 1 10 15 

10 1 1 11 15 

12 1 1 13 15 

8 2 2 8 16 

9 2 2 9 16 

10 2 2 10 16 

12 2 2 13 16 

8 2 2 8 17 

9 2 2 10 17 

10 2 2 11 ay 

12 2 2 14 17 

12 x 16 or 13 x 14... sr.5..-- 8 2 2 10 18 
12x15 0r13x14............ 9 2 2 ll 18 
12:x 15 or 13 x14...,........ 10 2 2 13 18 
4123x216 or 13x 14.20.05. .e2ck 12 2 2 15 18 
LS Sed Os eee asco cases 8 2 2 10 19 
1S SLGerustes atioewte meses 9 2 2 ll 19 
a hee cs U3 Ae ei oe oso ace 10 2 2 13 19 
USE TAS avo lt tect se 12 2 2 16 19 
14 £26... 048. oes Ue pecia 9 2 2 12 20 
TAS Doe wks Sarwar ete wtele 10 2 2 14 20 
NK te a ends oe pane So Reise: aegis 12 2 2 Ay 20 
14 x TRB Sas vs a sce ces ee 9 2 2 13 22 
18S Bos. ds cay gtk ek 10 2 2 15 22 
TAS TR. Bow. ite eee nsanr emer 12 2 2 19 22 
PB SRC! vic cis hes sa epsetenss oie ore 10 2 2 15 21 
SE Se Seino ok, FO 12 2 2 19 22 
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Table 6, taken from the New York “Newsdealer,” gives 
estimated quantities of wall paper and border required for 
rooms of various sizes. 

Deduct one-half roll of paper for each ordinary door or 
window extra—size 4 by 7 ft. 


Labor Costs in Paperhanging 


A paperhanger will paste and hang about 1% rolls of paper 
per hour. 

Where new walls are to be papered, it is safe to allow 
1% hour for each roll of paper, for preparing wall surface to 
receive paper. 

Where wallpaper is to be removed before putting on new 
paper, labor costs will depend on the difficulty found in each 
case. An average value would be % hour per roll of paper. 

Time required in all work varies according to care taken, 
and also with the quality of the paper used. Common, cheap 
papers are difficult to hang well, as they are likely to tear 
with their own weight: when saturated with paste. 

Where walls are papered in two heights, as in the case 
of a room with a dado rail, the cost of hanging is increased 
about 15 per cent. 

For ceilings, add about %4 hour extra per roll, 


Builders’ Hardware 


The term “Builders’ Hardware” today covers all metallic 
mechanical fittings used in building construction. Nails, 
screws, and bolts are used to hold together integral parts to 
form the whole. Locks, latches, catches, bolts, and hooks 
are used to hold temporarily some adjustable member of a 
construction in a fixed place for a certain purpose. Hinges 
and butts are used as a means of easily moving, by a swing- 
ing motion, some part of a structure which it is convenient 
to have in various positions. Escutcheons, push-plates, etc., 
form a protection from wear to the member on which they 
are used. 

It is useless to try to describe standards in builders’ hard- 
ware, since manufacturers of the same article use different 
patterns and even different materials for producing the same 
effect. For example, locks, butts, and hinges may be made 
in various proportions and shapes, each having its distinctive 
object and merit; while, again, each type may be made of 
a variety of metals such as cast iron, wrought iron, wrought 
steel, brass, or bronze, the cost varying with both the type 
and the metal. 

The articles of builders’ hardware used in an ordinary 
residence may be divided into the following classes: 


1. Fittings for doors, blinds, and shutters; 
2. Fittings for windows and transoms; 
3. Miscellaneous fittings. 


FINISHES FOR HARDWARE 


Finishes for hardware vary all the way from a coat of or- 
dinary paint up to gold plating. The cheaper forms of butts, 
locks, hooks, ete., are japanned. This process.'gives a satis- 
factory wearing coat which looks well and is a good pro- 
tection against rust. When plain hardware is to be used, it 
is commonly buffed by the use of a rapidly revolving emery 
wheel. The finer the wheel, the higher the grade of surface. 
Very bright surfaces are produced by the use of a cloth wheel 
saturated with rouge. 

When iron or steel hardware is used, it should be pro- 
tected in some manner from the effects of rust. Japans, 
lacquers, and even paints or varnishes are used for this 
purpose. Plating with copper, brass, or bronze is effective, 
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and even dipping in 2 copper solution or in molten tin is re- 
sorted to 2% 2 protective coating. 4 

The Bower-Barff process is one of the best finishes for 
indoor hardware, but is not suitable for exposed outdoor 
work, The process consists in a chemical change in the 
outer surface of the iron or steel, effected in a high-tempera- 
ture furnace. The result is a permanent, lustrous black color 
which needs no additional protective coating. While this 
finish is almost unexcelled for interior work, yet, when ex- 
posed to the action of dampness in unprotected locations, 
rust forms in the small pits which are liable to occur dur- 
ing the process, and spots develop which in time cause the 
skin of the finish to flake off around the spots, thus leaving 
the metal unprotected. 

For cast or wrought brass or bronze, the natural surfdce 
polished or subjected to the action of a sand-blast forms an 
attractive finish. In places where wear and handling are not 
excessive, a coat of colorless lacguer may be given to pre- 
yent tarnishing. Fancy finishes are given to brass and bronze 
by the application of chemical solutions which, instead of 
coloring the surfaces, really discolor them. These finishes 
do not wear well when handled. 

Gold and silver plating are used in some cases in high- 
class work for parlors, Ubraries, halls, ete. Gold-plating, vary- 
ing in thickness according to the use of the article plated, 
is a permanent finish which requires no care or cleaning. 

For plated articles which are handled but little, a thick- 
ness known as single plate is all that is necessary. For 
knobs, handles, etc., a thickness known as triple plate should 
be used. 

Silver-plating wears well, but should be used only on 
plain surfaces which can be cleaned easily. The action of 
sulphurous gases tarnishes silver, and articles coated with 
such a plating are subject to constant attention. 


INDICATING SIZE OF BUTTS 


Ordinary butts used in building are square when open. 
When special forms are designated in catalogues—as a 3 by 
2%, for instance—At means that the butt is 3 inches high by 
2% inches wide when open. The first figure indicates height. 
The common sizes for interior doors are the 4 to 5-inch sizes; 
while for heavier doors or entrance doors, the 5 to 6-inch 
gizes are used. In some cases where a light hinge would 
be sufficient to carry a door, but where the finish around the 
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Fig. 1. First-Floor Plan of a House, Illustrating Distinction 
between “Right-Hand” and “Left-Hand” Doors. 
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door prevents it from swinging clear back against the wall, 
it may be necessary to use a larger butt in order to allow 
the knuckles to project out far enough so that the door when 
opened will not strike. The rule is to allow the knuckles to 
project a little more than one-half the distance from the sur- 
face of the hanging stile, where the hinge is attached, to 
the surface of the finish on the casing on the knuckle side 
of the door. 


LOCKS FOR USE ON DIFFERENT TYPES OF DOORS 


One of the largest and oldest lock-manufacturing con- 
cerns recommends the following locks for various parts of 
the house: 

For main floor swinging doors, 4 or 4%%-in. 2-bolt knob 
locks. 

For sliding doors, 514-in. locks, containing dead-bolt, and 
a pull to withdraw door. 

For bedroom doors, a 5-in, 3-bolt knob lock, the third bolt 
being a thumb-bolt operated from the inside; or, for cheaper 
construction, a 4-in. 2-bolt knob lock, with separate thumb- 
bolt if wanted. 

In case of communicating rooms, a thumb-bolt operated 
from the opposite side of the door may take the place of the 
dead-bolt in the 3-bolt knob lock. 

Closet doors may have a 4-in. 2-bolt knob lock, with trim 
on both sides or only on the outside, as depth of closet will 
permit. 

Basement and attic doors may have 3% or 4-in. mortise 
locks of a cheaper grade than used in other parts of house. 

Bathroom doors may have any form of good knob lock, 
but should be fitted with a thumb-bolt either as a part of or 


separate from the lock. 


HAND OF A DOOR ‘ 


The terms right-hand and left-hand are used in designat- 
ing butts and locks. And a few words of explanation will 
be in place. 

Fig. 1 shows a floor-plan of a house, with the doors 
marked R. H. for right hand, and L. H. for left hand, as the 
case may be. The rules which govern the marking of this 
diagram are as follows: 

The hand of a door is determined from the outside, this 
being the street side in case of an entrance door; the hall 
or corridor side, for a room door; and the room side, for a 


closet or clothes-press door. 
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In the case of a door between two communicating rooms, 
the outside is the side from which the butts are not visible 
when the door is closed. 

If, when standing outside a door as explained above, the 
hinges or butts are on the right-hand side, it is a right-hand 
door; if on the left side, it is a left-hand door. 


SELECTING AND BUYING HARDWARE 


When it comes to the selection of the hardware for a 
building, the question as to whether cheap, medium, or high- 
grade material shall be used depends largely upon the char- 
acter of the building, and whether it is for private use or 
for sale or renting purposes. If for private use, the differ- 
ence in cost between a cheap grade of hardware and a me- 
dium grade, with some of the more important articles such 
as locks or butts of high grade, will be more than offset in 
the long run by the wearing qualities of the goods. Broken 
hardware, aside from the replacing value, is often expensive 
and troublesome to renew. 

Care should be taken in choosing the types of locks, butts, 
etc., used, as the general finish of the building should deter- 
mine largely the size and design to be purchased. Catalogues 
of the different manufacturers usually explain in detail the 
finishes and characteristics of their different articles, and it is 
considered to be good policy to use the line of some reputa- 
ble concern throughout. This insures harmony in design, 
and prevents confusion in fitting pieces in their proper 
places. 

If possible, procure samples of each article to be used, 
and examine carefully before buying. The experience of an 
architect who has handled the same line of goods in other 
buildings is valuable. See the actual articles under similar 
circumstances, if possible, and note the conditions of wear 
and appearance. 

When listing the hardware needed, a careful list should 
be made, containing the name of each article, the quantity 
desired, any necessary features it must possess which are 
out of the ordinary, and its exact location in the building. 
Costs may now be easily arrived at by making up this list 
in the cheap-grade, medium-grade, and high-grade qualities. 
Then, by finally deciding upon a combination of articles 
from the three lists, the cost. may be kept within desired 
bounds. 

A plan of each floor of the building showing locations of 
doors, windows, closets, etc., may be used to advantage in 
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eonnection with such a list as that just mentioned. Each 
door or window should be given a number which will serve 
to Jocate the hardware on the list when tagged with a sim- 
ilar number. It is good policy to give each different article 
on the list a number to designate what the article is, and 
whether it is for a door, window, transom, miscellaneous, 
etc. 

In the following example, articles for doors are numbered 
from 1 to 80; for windows, from 30 to 50; and miscella- 
neous, from 50 upwards. VFirst-floor doors are numbered from 
100 to 150; first-floor windows, from 150 to 190; and closets 
and cupboards, from 190 to 200. Second-floor doors are num- 
bered from 200 to 250, ete. 

On the plan, at each door, window, closet, or other place 
where hardware is needed, insert the number standing for 
the article needed at that place. In that way the number of 
pieces of each article desired can be readily counted up on 
the plans. 

The plans shown in Plate III are marked in the way indi- 
cated. From the list of articles following, numbered as sug- 
gested, a quantity sheet has been made up. This sheet is 
only approximate, as its sole object is to show the method 
to be followed. 


Hardware for Doors 


1—Loose-pin, wrought steel, Bower-Barffed, butts with tip, 
4 in. by 4 in. 

2—Loose-pin, wrought steel, Bower-Barffed, butts with tip, 
2 ins by, 2. in: 

8—Knob-latches, R. H. 

4—Knob-latches, L. H. 

5—Knob-latches, stopwork and pass key, R. H. 

6—Knob-latches, thumb-bolt, R. H. 

7—Knob-latches, thumb-bolt, L. H. 

8—Knob-latches, dead-bolt, R. H. 

9—Knob-latches, dead-bolt, L. H. 

10—Brass knobs. 

11—Mineral knob. 

12—Jet knob. 

13—Chain-bolt. 

14—Double-acting butts. 

15—Push-plate. 

16—Heavy, iron bolt. 

17—Push-button for electric bell. 

18—T-hinge, 14 in. 
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QUANTITY SHEET 
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19—Padlock and chain. 
20—Heavy iron thumb-latch. 


Hardware for Windows 
31—Fast-pin, plain steel butts, 3 in. by 3 in. 
32—Pulleys, 2 in. on running face. 
33—Sash-lifts, hook. 
34—-Sash-lifts, handle. 
35—Cellar window fastener. 
36—Wire hook and eye. 
37—Sash-lock. 
38—Sash-cord. 
39—Sash-weights. 


Miscellaneous Hardware 
51—Drawer-pulls. 
52—Cupboard spring catches. 
53—Elbow catches. 
54—Loose-pin butts, with tips, 3 in. by 3 in. 
55—Towel hooks. 
56—Coat hooks. 
57—Wardrobe hooks. 
58—wWire closet hooks. 
59—Toilet-paper holder. 
60—Hinges for flour bin. 


TYPICAL SCHEDULE FOR ORDERING HARDWARE 

The accompanying schedule of hardware is typical for 
use in a modern residence. This schedule is designed te 
help the carpenter, the architect, and the hardware trimmer. 
It contains the information required to make a perfect work- 
ing list of goods. It is suggested that the carpenter, the 
architect, and the hardware trimmer adopt this schedule as 
a regular form. If the order has to be sent in to the hard- 
ware manufacturer, it cannot be supplied correctly unless 
most of this information is sent in with the order. 


Schedule of Hardware for Typical Residence 
First Floor 
Dull brass finish on front of double-acting door to pantry 
and on front of door from hall to rear hall; Bower-Barff finish 


on rear part. 
1 single 1%-in. front entrance sash door, 3 ft. by 7 fteGuin. xt; 
26-in. glass. 
1% prs. brass butts, 44% by 4%, dull brass finish. 
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1 push button to match. 

1 set cyl. front door lock; knobs and escutcheons, Change 
A. 

Note: Change A refers to pattern of key for lock. 
1 sgl. 134-in. vest. sash door, 3 ft. by 7 ft. 6 in., rt. hd. 26-in. 
glass. 

1% prs. steel butts, 4% by 4%, dull brass finish. 

1 set cyl. vest. lock; knobs and escutcheons; Change A. 

1 double sliding door, hall to parlor, 6 ft. by 7 ft. 6 in. open- 
ing. 

8 sliding door pulls, dull brass finish. 

6 cup escutcheons; no keyholes. 

1 1%-in. door, hall to coat closet, 2 ft. 6 in. by 7 ft. 

1 pr. steel butts, 4 by 4, dull brass finish. 

1 set 1-tumbler locks; knobs and escutcheons. 

1 13%-in. door, hall to back hall. 

1 pr. butts, 4 by 4, Bower-Barff finish. 

1 set thumb-bolt lock, knobs, and escutcheons; dull brass 
and Bower-Barff. Thumb-piece in front hall so servant 
is locked in servant’s portion of the house. 

1 1%-in. double-acting door, dining room to butler’s pantry. 

1 set spring hinges, dull brass and Bower-Barff. 

1 push-plate, dull brass finish. 

1 push-plate, Bower-Barff finish. 

1 door holder, Bower-Barff finish. 

1 mortise thumb-bolt, dull brass finish. 

Thumb-piece in dining-room to lock against servants. 

1 1%-in. door, kitchen to pantry. 

1 pr. butts, 4 by 4, Bower-Barff finish. 

1 set 1 tumbler lock, knob and escutcheons, Bower-Barff 
finish. 


1 single-sliding door, hall to dining room, 8 ft. by 7 ft. 6 in. 
opening. 
1 1%-in., kitchen to basement. 
1 pr. butts, 4 by 4, Bower-Barff finish. 


1 set 1 tumbler lock, knob and escutcheon, Bower-Barff 
finish. 


1 mortise thumb-bolt. 


1 1%4-in. rear entrance door to kitchen. 
1% pr. butts, 4 by 4, Bower-Barff finish. 
1 set 3-tumbler locks, Knobs and escutcheons, plain bronze 
and Bower-Barff. 
1 cyl. rim night latch. Change B. 
1 door-fast. 
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Note: Change B is to differ from, yet to be passed by 
Change A, which are alike. 


1 pr. 134-in. open-in French doors, porch to living room, open 
90 degrees, 2 ft. by 7 ft. 6 in. 

3 pr. brass butts, 4% by 4%, dull brass finish. 

2 lever extension bolts on edge, 12-in. and 18-in. rod. 

1 set thumb-bolt lock, 1%-in. backset; lever with oval 
rosette; outside knob with 2%-in. rosette, and thumb- 
knob inside for 21%4-in. stiles with T astragal. 

1 pr. 1%4-in. open-in French doors, porch to dining room, open 
180 degrees, 2 ft. by 7 ft. 6 in. 

3 pr. brass butts, 41%4 by 6, dull brass finish. 

2 flush extension bolts on face of door, 12-in. and 18-in. 

1 set thumb-bolt lock, 1%-in. backset; lever with oval 
rosette; outside knob with 2%-in, rosette, and thumb- 
knob inside for rabbet 14-in. deep, stiles 5-in. between 
glass. 

The above lock can be put in upside down, so hand of door 
need not be noted. 

1 pr. 1%-in. open-out French doors, 2 ft. by 7 ft. 6 in. 

3 pr. brass pin galvanized butts and screws, 41% by 41%. 

2 flush extension bolts on face of door, 12-in. and 18-in., 

_ dull brass finish. 

1 set thumb-bolt lock, 2-in. backset, lever and oval rosettes 
both sides of door, with thumb-knob inside for 214-in. 
stiles, with T astragal on outside. 

1 pr. 1%-in. open-in French windows on dining room, 2 ft. by 
7 ft. 6 in.; open 90 degrees. 

3 pr. butts, brass, 4% by 4%. 

1 Cremorne bolt, dull brass finish, 7 ft. 6 in. long, knob in 
middle. 

1 single 1%-in. open-in casement sash, dining room, 18-in. 
glass; open 90 degrees. 

1 pr. brass butts, 3% by 3% in. 

1 ring handle, fast with wide strikes. 

1 adjuster, 12-in. rod, stool depressed 5% in. and stool 2% 
in. wide. 

1 single 1%-in. open-in casement sash, 18-in. glass; open 180 
degrees. 

1 pr. Stanley parliament loose-pin butts, 6-in., dull brass. 

1 fast, as above. 

1 adjuster, as above. 

1 pr. 1%-in. open-in eceaded casement sash; open 90 de- 
grees. 
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2 pr. Stanley parliament loose-pin butts, 6 in. 
2 flush-bolts, 6-in., having 5-in. angle. 
1 fast, as above. 
2 adjusters, as above. 
1 single 1%, open-out casement sash. 
1 pr. brass-pin galv. butts, 3% by 3%. 
1 ring handle, fast with narrow strikes. 
1 adjuster. 
1 double-hung sash, front. 
1 Diamond sash-fast, dull brass. 
2 bar sash-lifts, dull brass. 
1 jimmy-proof ventilating sash-stop. 
1 double-hung sash, rear. 
1 Diamond sash-fast, Bower Barff. 
2 bar lifts. 
1 jimmy-proof ventilating sash stop. 
1 book-case, living room; 1 pr. 1144 doors; 2 single 1% doors. 
7 pr. butts, 2144 by 2. 
1 elbow catch. 
1 cabinet lock, 5¢-in. backset, right-hand for double door. 
2 cabinet locks, 34-in. backset, 14 right, for single glass door. 
2 cabinet locks, 1%4-in. backset, % right, for panel door. 
5 key-plates. 
5 knobs for doors. 
8 drawer-knobs for small drawers. 
4 drop-handles for large drawers. 
1 buffet, dining room; hardware similar to that for book-case 
above. 
Cases, butler’s pantry. 
Butts, 3 by 3, on bin, hinged at bottom. 
Butts on doors, 214 by 2, Bower-Barff finish. 
Elbow catches, japanned. 
Cupboard turns, Bower-Barff finish. 
3-ft. pieces Stanley rail, 34-in. 
Sheaves, No. 110 and screws on sliding doors. 
Flush lifts, on sliding doors. 
Drawer-pulls, on drawers and bin. 
1 icing door on rear porch. 
1 pr. galv. butts, 3144 by 3%, galv. screws. 
1 flat-key night latch, reverse latch-bolt. 
1 door-pull. 
Second Floor 
Dull brass in hall and chambers; nickel in bath; Bower- 
Barff in servants’ part. 
1 1%-in. door, front hall to servants’ hall. 
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1 pr. steel butts, 4 by 4, Bower-Barff finish. 

1 set thumb-bolt lock, Bower-Barff knob and escutcheon, 
rear; octagon glass knob and thumb-knob in front hall. 

1 1%-in. door, hall to bath. 

1 pr. butts, 4 by 4, nickel-plated. 

1 set thumb-bolt lock octagon glass knobs; thumb-knob in- 
side, key-plate outside. 

Note: Thumb-knob spindle cut off to half the thickness of 
door, and the plug key is an emergency key from out- 
side. 

1 1%-in. door, hall to chamber. 

1 pr. butts, 4 by 4, dull brass finish. 

1 set thumb-bolt lock, octagon glass knob; thumb-knob in- 
side; key-plate on outside. 

1 1%-in. closet door. 

1 pr. butts, 4 by 4, dull brass finish. : 

1 set 3-tumbler lock, octagon glass knobs and key-plates. 
1 134-in. communicating door between chambers. 

1 pr. butts, 4 by 4, dull brass. 

1 set thumb-bolt lock, octagon glass knobs and thumb-knobs 
each side of door. 

2 1%-in. doors from 2 chambers to 1 closet between same. 

2 pr. butts, 4 by 4, dull brass. 

2 sets thumb-bolt lock, octagon glass knob and thumb-knob 
one side of door. 

Note: Put thumb-knob on chamber side of door. 

2 1%-in. doors from 2 chambers to closet having wash-bowl 
in same. 

Use same hardware as above. 

1 1 %-in. door to wash-bowl closet. 

1 pr. butts, 4 by 4, dull brass finish. 

1 set mortise latch, octagon glass knob with closet spindle 
inside. 

1 1%-in. mirror door to wardrobe, 3-in. stile. 
1 pr. butts, 4 by 4, dull brass finish. 
1 set mortise latch, 114-in. backset, knob as above. 
1 1%-in. door, servants’ part. 
' Same trimmings as kitchen. 
Windows of all kinds. 

No jimmy-proof sash-stops except over roofs. 

1 single sliding communicating door, chamber to bath. 

1 door-pull. 

1 cup escutcheon, nickel; no keyhole. 

1 cup escutcheon, dull brass; no keyhole. 

{ Corbin ventilating bolt, nickel finish, No. 1408. 
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1 Corbin ventilating bolt, dull brass finish, No. 1408. 
Put these bolts in the side of the near stile, and the plate 
on the sliding door stop. 
1 wardrobe in chamber; 1 pr. 1%-in. doors; drawer below. 
3 pr. butts, 3 by 3%, dull brass. 
1 elbow catch at top. 
1 bolt at bottom, 3-in. 
1 half-mortise cupboard latch; 1-in. baskset and thumb- 
knob. 
2 drawer handles. 
1 medicine case. 
1 pr. butts, 2% by 2, nickel. 
1 half-mortise cupboard latch; 1-in. backset and thumb- 
knob. 
1 linen case, having drop fronts and 36-in. drawers. 
Butts, 214 by 2, dull brass finish. 
Forge catches and screws, No. 11, two to each drop. 
Drawer knobs, 1%-in., one to each drop. 
Stanley desk slides, No. 430, 7%4-in., one to each drop. 
Drawer handles, two to each drawer. 
1 1%%-in. secret panel door. 
1 pr. Soss hinges. 
1 mortise latch in the jamb, no knob is required. 
1 electric opener No. 151 in the door. 
1 push-out spring No. 79 in door. 
1 Mite push-button No. 63, located in some hidden place. 
If secret door extends down to the floor and the base board 
is attached to the door, Soss hinges cannot be used. 
Use No. 58 Sargent sash-center; place it on the inside 
of the door about 3 in. from hinge edge. 
Miscellaneous. 
Base-knobs. 
Floor door-stops. 
Window and sliding door-stop screws and washers. 
Coat and hat hooks. 


SPECIFICATIONS FOR HARDWARE 
Specifications for hardware generally form a part of the 
general specifications, but may be omitted and the selection 
reserved by the owner or architect. There are a great many 


plans governing the specifications when inserted, among 
which are the following: 


1. Hardware specified definitely; 
2. Hardware covered by a fixed allowance; 
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2. Hardware covered by allowing a fixed sum per open- 
ing. 

Forms of specifications should be drawn up by an archi- 
tect who is familiar with such papers. Contracts for fur- 
nishing the hardware, either by the contractor or by a dealer 
or manufacturer, may be obtained in blank form ready to 
fill in. These are carefully worded and cover the legal side 
of the transaction. 


SIMPLE FORM OF CONTRACT 


For small buildings, when the quantity and value of 
hardware involved is small, the following brief form may 
be used: 

Contract for Furnishing Hardware 


Contract made this ...... GAVAGE ae pe cige oles ose oe 1 Oris 
TAUWECT eres Ae rere isn selena a OWEN, ANG2 .cc5 ve « ATARGOO ; 
Contractor. The Contractor agrees to furnish, and to de- 
yeh rsh ee actor , all of the hardware stated be- 
low, according to instructions, drawings, and specifications 
WYLACG: Din core rele pies = vie oe , Architect, for the sum Oliv iaptetcotens 5 
eee The hardware covered by this contract is as fol- 
lows 


(Here insert specifications.) 


The owner azrees to pay the Contractor the said amount. 
(ee ne gree, ee tel EOE Al , aS followS: .....-2++-++e-e0e: 


aT a atae aide wine Cb oor 6 S'S ete 910 B66 PS. 21S 208 


ery of the same, complete, shall be MACS EWALNIT os ales eo 
weeks from the date when he shall have received all neces- 
sary instructions and detailed information; and that the de- 
cision of the Architect as to any and all questions relating 
thereto shall be final and binding upon the Contractor. 


Sidewalks, Curbs, and 
Gutters 


The common types of sidewalks consist of Portland 
cement concrete, bricks, asphalt, cinders, or gravel. 


WIDTH OF WALK 


The width of walks varies to some extent with their lo- 
cation. On residence streets in small cities, walks are gen- 
erally from 4 to 6 ft. wide. For business streets and streets 
solidly built up -with large buildings, walks will average 8 or 
10 ft. in width, and in some cases even more. 


SLOPE OF SURFACE OF WALKS 


The surface of walks should have a slope varying from 
1 in. in 3 ft. to 1 in. in 5 ft., depending upon the kind of walk. 
Smooth walks, like concrete, should have a slope of about 
1 in. in 5 ft. of width, while the steeper slope is used on 
walks with a rough surface. The lower edge of hard-surface 
walks should be at least 2 in. above the ground level at the 
side of the walk, in order to allow perfect drainage for the 
surface. 

CONCRETE SIDEWALKS 


The ordinary type of concrete sidewalk should consist of 
a well-drained, porous sub-base or foundation; a base; and 
a wearing or surface coat, as shown in Fig. 1. The sub-base 
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Fig. 1. Cross-Section of Cement Walk, Showing Various 
Parts. 


or foundation is needed to provide a firm bed under the 
slab, so that it will be supported evenly at all points, thus 
preventing the formation of cracks in the slab due to unequal 
support at different places in the walk. This bed should 
be made not less than 6 in. deep, and of porous material. 
so that it can be easily drained in order ta prevent collection 
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of surface water under the slab and a resulting upheaval 
from the action of frost. In localities where the soil is 
sandy and easily drained, the sub-base is often done away 
with, and the concrete base placed directly upon a well- 
compacted excavation. The base, or slab proper, is composed 
of a medium mixture of concrete, and provides the body 
and strength of the walk. This base should be at least 4 in. 
thick. 

The wearing coat is composed of a richer mixture of 
cement and sand, or cement and screenings, and is used as 
a covering for the main slab. For ordinary use, 1 in. is a 
common thickness. This covering serves two purposes: It 
resists wear to better advantage than the slab proper, and 
allows the application of a better finish on the surface of the 
walk. 

In describing the construction of a cement sidewalk, let 
us begin with the sub-base and work up. The first step is to 
excavate to a depth of 11 in.—or more, if necessary—to 
provide for perfect drainage; ram and tamp the ground 
thoroughly and evenly; and partly fill the excavation with 
clean, large cinders, screened gravel, broken stone, or brick- 
bats, any of which should pass a 4-in.-mesh screen and be 
collected upon a 1-in. screen. The depth of this bed should 
be such that about 5 in. will be left above the filling to re- 
ceive the walk. Tamp this drainage foundation well and 
evenly, wetting thoroughly while tamping. The bottom of 
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Fig. 2. Drainage of Foundation by Use of Ditch and Tile 
Drain. 

the excavation made for this foundation should have a slope 
towards the curb of about % in. to the foot, in order to allow 
the water which may collect at the bottom of the trench to 
drain to one side of the trench, where it may be removed, 
either by a series of stone drains placed every 10 or 12 ft., or 
by means of a stone-filled ditch and tile drain, as shown in 
Fig. 2. A ditch of the type shown in Fig. 2 should be about 
12 in. square and provided with 4-in. drain-tile. Care should 
also be taken to see that no roots of trees lie near bottom 


of foundation. 
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If the excavation trench contains any soft or spongy 
places, these should be removed, and the holes filled with 
firm material and packed solidly. When the ground on which 
the sidewalk is to be placed is uneven, and parts of the walk 
are constructed upon filled ground, care should be taken in 
making these fills. The filling material should be placed and 
tamped in layers about 6 in. thick, and in no case exceeding 
10 in. in thickness. This fill should also extend at least 1 ft. 
beyond the borders of the foundation of the walk, to provide 
a support for the edge of the walk. The slope given to the 
sides of the fill is about 1 ft. rise to 1% ft. horizontal ex- 
tension. 
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Fig. 3. Layout for Lumber Forms in Ordinary Sidewalk 
Construction. 


After the foundation is completed, steel or lumber forms 
are placed as shown in Fig. 8 and Plate IV. These forms are 
used as an outline of the concrete part of the sidewalk, and 
serve to hold the base and wearing coat in place until the 
concrete has hardened sufficiently to hold its shape. The 
side parts of the forms should be made of such height that 
the top edge of the form may be used as a guide to the top 
grade of the finished walk. The side of the forms nearer the 
curb side of the walk should be set lower than the inner side, 
so as to allow a drainage slope of about % in. to the foot 
across the width of the walk. The partitions shown in the 
figures should be placed in such a manner that no dimension 
of the base slab will be greater than 6 ft., and so that no in- 
dividual slab will contain more than 36 sq. ft. 
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In the steel type of form, the cross- -partitions are held in 
place by end-holding devices, and are adjustable for different 
lengths of slab. When lumber forms are used, it is common 
practice to hold the sides and partitions in place by stakes 
driven into the ground on the side opposite to that touched 
by the concrete, as shown in Fig. 3. All forms should be 
clean and free from old concrete. 

When the forms have been placed and lined up to the 
proper slope and direction of the walk, metal forms should 
be smeared with some form of mineral oil or anti-sticking 
compound, and lumber forms should be wetted before the 
concrete for the base is poured into place. This concrete 
consists of a mixture of 1 part Portland cement, 2% parts 
sand, and 5 parts broken stone of a quality described later 
in Paragraph 2 and 3 of the “Specifications for Cement Side- 
walks.” This concrete should be handled rapidly and in the 
manner described in Paragraph 30 of the Specifications. 
Where steel forms are not used, a steel parting strip, for 
separating individual slabs of the walk, may be used to 
advantage. 

In some types of steel forms, the metal parting strip is left 
in place until that part of the sidewalk is completed and has 
taken on its initial set. Then, when the metal strips are 
removed, a clean joint 1% in. wide is left, extending through 
the entire thickness of the concrete. This joint provides for 
expansion and contraction, and allows each slab to become 
a separate member in itself. No large expansion joints are 
needed in such a walk. When lumber forms are used, and 
the concrete of each part of the walk is placed by using the 
end of the neighboring slab as a form, although distinct joints 
may exist, they are not of sufficient size to allow for ex- 
pansion. In such a case, a 1%4-in. expansion joint should be 
left at intervals of 50 ft., and filled with paver’s pitch or some 
like material, as described in Paragraphs 21 and 22 of the 
Specifications. 

As soon as a part of the base is laid, it should be covered 
with canvas or tar paper to protect it from dirt or from 
too rapid drying out. After each batch of concrete is used 
in placing the base, and before the base has commenced to 
harden, the wearing coat should be placed and finished. This 
necessitates the mixing of small batches of concrete of not 
over 1 cu. yd. when placing the base, in order to be able 
to use all of the concrete mixed before the first slabs laid 
have hardened too much to receive the wearing coat with 
safety. The size of the batch will be regulated by the number 
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of full slabs which may be filled in completely before the 
first slabs begin to harden, since it is not good policy to 
leave off placing concrete at a point between the dividing 
strips. If part of a batch of concrete is left over from 
one lot of slabs, do not use it on the next if it shows per- 
ceptible hardening or drying out. A small amount of concrete 
saved in this way may ruin the job. 

When placing the wearing coat, care should be taken 
to see that the top surface of the base is fresh, clean, and 
damp. Any part which has set should be taken up and put 
down again new for best results. As specified, this surface 
coat consists of 1 part of Portland cement and not more than 
2 parts of fine aggregate, such as sand or screenings. A 
thickness of about % in. or 1 in., for ordinary work, is placed 
on the base, and leveled down with a straight-edge to bring 
all parts of the surface to grade. The finish is applied as 
described in Paragraph 36 of the Specifications. 

Care must be taken not to trowel this wearing coat to 
such an extent that neat cement will be flushed to the sur- 
face. The result, in that case, would be the formation of 
hair-cracks and crazing. 

Where lumber forms are used, it is customary to locate 
the joints in the base by marking the side forms. In this 
way the joints are usually located when cutting through the 
wearing surface in the process of finishing. Care should be 
taken to see that these cuts extend through the entire slab. 

Always end a day’s work at the end of a slab. An exterior 
joint will mean a crack at that point at some later time. 

Do not allow any part of the walk to bear directly against 
any solid body, such as stone curb, building, post, manhole 
rim, etc. Leave about %4 in. between the sidewalk slab and 
such bodies. This space may be obtained during construction 
by the use of thick tar paper or felt, waterproofed with any 
of the reliable waterproof paints; and such precautions may 
prevent disastrous cracks due to expansion and contraction 
of the neighboring bodies because of temperature changes. 

Where a sidewalk is exposed to severe wearing conditions, 
the base should be made at least 6 in. thick, and the wearing 
coat 1 in. or over in thickness. At crossings, the wearing 
coat should be 1% in. or over. 


As soon as finished, the walk should be kept covered with 
canvas or tar paper to protect it from the rays of the sun 
and from the wind, in order that the concrete may not dry 
out too quickly. This covering should be weighted down, 
and raised. a few inches so as not to touch the surface of 
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the walk. After the concrete has set hard, the walk may be 
sprinkled two or three times a day for a week or more. 
Some builders use a covering of sand, removing it when the 
walk has thoroughly hardened. Such a covering gives good 
protection, if of sufficient depth. The sand tends to hold the 
moisture in the concrete and thus aid the process of harden- 
ing. 

If a color other than the natural color of concrete is de- 
sired, lampblack or mineral colors may be mixed dry with 
the materials for forming the wearing coat. Proportions 
of mineral colors range from 2 to 5 per cent of the weight 
of the cement used, depending upon the intensity of color 
desired. 

The difficulty met with in the use of colors is to maintain 
a uniform color throughout the job. Lampblack is probably 
more commonly used than any other color, giving different 
shades of gray according to the amount used. For instance, 
in the case of a 1:2 mortar, the addition of one-half pound of 
dry lampblack to 100 pounds of cement will give a light slate 
color to the work; one pound will give a light gray color; two 
pounds, a blue gray; and four pounds will produce a dark 
blue slate color. A color best suited to a particular piece of 
work should be obtained by experiment with small quantities 
made up into trial specimens, before being applied to the 
real construction. 

Specifications for Cement Sidewalks. 

The following specifications were presented at the annual 
convention of the National Association of Cement Users in 
Kansas City, Mo., in March, 1912, and are considered to rep- 
resent the best current practice. The reader will see that 
the directions included are sufficient for the intelligent car- 
rying-out of a piece of work. 

1. Cement. The cement shall meet the requirements of 
the Standard Specifications for Portland Cement of the Amer- 
ican Society for Testing Materials and adopted by this Asso- 
ciation. 

2. Fine Aggregate. Fine aggregate shall consist of sand, 
crushed stone, or gravel screenings, graded from fine to 
coarse, and passing when dry a screen having 14-in. diameter 
holes; shall be preferably of siliceous material, clean, coarse, 
free from dust, soft particles, loam, vegetable or other 
deleterious matter; and not more than 3 per cent shall pass 
a sieve having 100 meshes per linear inch. Fine aggregate 
shall be of such quality that mortar composed of 1 part 
Portland cement and 3 parts fine aggregate by weight, when 
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made into briquettes, will show a tensile strength at least 
equal to the strength of 1:3 mortar of the same consistency, 
made with the same cement and Standard Ottawa sand. In 
no case shall fine aggregate containing frost or lumps of 
frozen materials be used. 

3. Coarse Aggregate. Coarse aggregate shall consist of 
inert materials, such as crushed stone or gravel, graded in 
size, retained on a screen having 14-in. diameter holes; shall 
be clean, hard, and durable; free from dust, vegetable or 
other deleterious matter; and shall contain no soft, flat, or 
elongated particles. In no case shall coarse aggregate con- 
taining frost or lumps of frozen material be used. The max- 
imum size of coarse aggregate shall be of such size as to pass 
a 144-in. ring. 

4. Natural Mixed Aggregates. Natural mixed aggregates 
shall not be used as they come from the deposit, but shall be 
screened and remixed, to agree with the proportions specified. 

5. Sub-Base.* Only clean, hard, suitable material, not ex- 
ceeding 4 in. in the largest dimension, shall be used. 

When a sub-base is not required, eliminate Paragraphs 5 
and 10 (a). 

Unless paragraph 10 (a) is eliminated, 10 (b) is void. 

6. Water. Water shall be clean, free from oil, acid, alkali, 
or vegetable matter. 

7. Coloring. If artificial coloring material is required, 
only mineral colors shall be used. 

8. Reinforcing Metal. The reinforcing metal shall meet 
the requirements of the Standard Specifications for Steel Re- 
inforceement adopted March 16, 1910, by the American Rail- 
way Engineering Association. 

Sub-Grade 

9. Slope. The sub-grade shall have a slope toward the 
curb of not less than 1% in. per foot. 

10. Depth. (a) The sub-grade shall not be less than il 
inches below the finish surface of the walk; 

(b) The sub-grade shall not be less than 5 inches below 
the finished surface of the walk. 

11. Preparation. All soft and spongy places shall be re- 
moved, and all depressions filled with suitable material, which 
shall be thoroughly compacted in layers not exceeding 6 in. 
in thickness. 

12. Deep Filis. When a fill exceeding 1 ft. in thickness 
is required to bring the work to grade, it shall be made in 


Te MSGS ae a sub-base is‘ required, eliminate Paragraph 


— es 


SIDEWALKS, CURBS, AND GUTTERS 661 


a@ manner satisfactory to the engineer. The top of all fills 
shall extend beyond the walk on each side at least 1 ft., and 
the sides have a slope not greater than 1 on 1%. 

13. Drainage. When required, a suitable drainage system 
shall be installed and connected with sewers or other drains 
indicated by the engineer. 

Sub-Base 

14. Width and Thickness. On the sub-grade shall be 
spread a suitable material, as heretofore stated, which shall 
be thoroughly rolled or tamped to a surface at least 5 in. 
below the finished grade of the walk. On the fills the sub- 
base shall extend the full width of the fill, and the sides 
shall have the same slope as the sides of the fill. 

15. Wetting. While compacting the sub-base, the material 
shall be kept thoroughly wet, and shall be in that condition 
when the concrete is deposited. 


Forms 


16. Materials. Forms shall be free from warp, and of 
sufficient strength to resist springing out of shape. 

17. Setting. The forms shall be well staked or otherwise 
held to the established lines and grades, and their upper 
edges shall conform to the established grade of the walk. 

18. Treatment. All wood forms shall be thoroughly wetted, 
and metal forms oiled before depositing any material against 
them. All mortar and dirt shall be removed from forms that 
have been previously used. 

Construction 

19. Size of Slabs. The slabs or independently divided 
blocks, when not reinforced, shall have an area of not more 
than 36 sq. ft., and shall not have any dimension greater 
than 6 ft. Larger slabs shall be reinforced as hereinafter 
specified. 

20. Thickness of Walk. The thickness of the walks should 
not be less than 5 in. for residence districts, and not less than 
6 in. for business districts. 

21. Width and Location of Joints. A %-in. expansion 
joint shall be provided at least once in every 50 ft. 

22. Joint Filler. The expansion joint filler shall be a suita- 
ble elastic waterproof compound that will not become soft 
and run out in hot weather, nor hard and brittle, and chip 
out in cold weather. 

28. Protection of Edges. Unless protected by metal, the 
upper edges of the concrete shall be rounded to a radius 
of % in. 
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Measuring and Mixing 

94. Measuring. The method of measuring the materials 
for the concrete, including water, shall be one which will in- 
sure separate uniform proportions at all times. A sack of 
Portland cement (94 pounds net) shall be considered 1 cu. £.. 

25. Machine Mixing. When the conditions will permit, a 
machine mixer of the type that insures the uniform propor- 
tioning of the materials throughout the mass shall be used. 
The ingredients of the concrete or mortar shall be mixed to 
the desired consistency, and the mixing shall continue until 
the cement is uniformly distributed and the mass is uniform 
in color and homogeneousness. 

26. Hand Mixing. When it is necessary to mix by hand, 
the materials shall be mixed dry on a water-tight platform 
until the mixture is of uniform color, the required amount 
of water added, and the mixing continued until the mass is 
uniform in color and homogeneousness. 

27. Retempering. Retempering, that is, remixing mortar 
or concrete that has partially hardened, with additional water, 
will not be permitted. 


Two-Course Walks 
Base 


28. Proportions. The concrete shall be mixed in the pro- 
portion of 1 sack of Portland cement, 2% cu. ft. fine aggre- 
gate, and 5 cu. ft. coarse aggregate. 

29. Consistency. The materials shall be mixed wet enough 
to produce a concrete of a consistency that will flush readily 
under slight tamping, but which can be handled without caus- 
ing a separation of the coarse aggregate from the mortar. 

30. Placing. After mixing, the concrete shall be handled 
rapidly, and the successive batches deposited in a continuous 
operation, completing individual sections. Under no circum- 
stances shall concrete be used that has partially hardened. 
The forms shall be filled, and the concrete struck off, and 
tamped to a surface the thickness of the wearing course 
below the established grade of the walk. After the concrete 
has been thoroughly tamped against the cross-forms, they 
shall be removed, and the material for the adjoining slab de- 
posited, so as to preserve the joint. Workmen shall not be 
permitted to walk on the freshly laid concrete; and if sand 
or dust collects on the base, it shall be carefully removed 
before the wearing course is applied. 

81. Reinforcing. Slabs having an area of more than 36 
sq. ft., or having any dimension greater than 6 ft., shall be 
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reinforced with wire fabric or with plain or deformed bars. 
The cross-sectional area of metal shall amount to at least 
0.041 sq. in. per linear foot.. The reinforcing metal shall be 
placed upon and slightly pressed into the concrete base im- 
mediately after the base is placed. Reinforcing metal shall 
not cross joints, and shall be lapped sufficiently to develop 
the strength of the metal. . 


Wearing Course 

32. Proportions. The mortar shall be mixed in the man- 
ner hereinbefore specified, in the proportion of 1 sack Port- 
land cement, and not more than 2 cu. ft. of fine aggregate. 

33. Consistency. The mortar shall be of a consistency 
that will not require tamping, but which can be easily spread 
into position. 

34. Thickness. The wearing course of the walk in resi- 
dence districts shall have a minimum thickness of % in., and 
in a business district a minimum thickness of 1 in. 

35. Placing. The wearing course shall be placed imme- 
diately after mixing, and in no case shall more than 50 
minutes elapse between the time the concrete for the base 
is mixed and the time the wearing course is placed. 

36. Finishing. After the wearing course has been brought 
to the established grade, it shall be worked with a wood float 
in a manner that will thoroughly compact it. When required, 
the surface shall be troweled smooth, but excessive working 
with a steel trowel shall be avoided. The slab markings shall 
be made in the wearing course directly over the joints in the 
base, with a tool which will completely separate the wearing 
course of adjacent slabs. If excessive moisture occurs on the 
surface, it must be taken up with a rag or mop, and in no 
case shall dry cement or a mixture of dry cement and sand 
be used to absorb this moisture or to hasten the hardening. 
Unless protected by metal, the surface edges of all slabs shall 
be rounded to a radius of about one-half inch. 

37. Coloring. If artificial coloring is used, it must be in- 
corporated with the entire wearing course, and shall be mixed 
dry with the cement and aggregate until the mixture is of 
uniform color. In no case shall the amount of coloring used 
exceed 5 per cent of the weight of the cement. 


One-Course Walk 
The general requirement of the Specifications covering 
two-course work will apply to one-course work, with the fol- 


lowing exceptions: : 
38. Proportions. The concrete shall be mixed in the pro- 
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portion of 1 sack Portland cement to 1% cu. ft. of fine ag- 
gregate, and 3 cu. ft. of coarse aggregate passing a 1-in. ring. 

39. Placing and Finishing. The form shall be filled, the 
concrete struck off, and the coarse particles forced back from 
the surface, and the work finished in the usual way. 

40. Reinforcing. When a single-course walk is to be rein- 
forced, the metal shall be placed 2 in. from the finished sur- 
face. The minimum amount of metal shall be as specified in 
Paragraph 31. 


Protection 


41. Treatment. When completed, the work shall be kept 
moist and protected from traffic and the elements for at least 
three days, and shall not be opened to traffic until the en- 
gineer so directs. 

42. Temperature below 35 Deg. F. If at any time during 
the progress of the work the temperature is, or in the opinion 
of the engineer will within 24 hours drop to 385 deg. F., the 
water and aggregates shall be heated, and precautions taken 
to protect the work from freezing, for at least 5 days. In 
no case shall concrete be deposited upon a frozen sub-grade 
or sub-base. 


Equipment Needed for Sidewalk Work 


For hand work on small jobs, the articles needed are: a 
mixing board; runways to and from the same; a measuring 
box for proportioning sand and aggregates; a No. 8 square- 
point shovel for each man, wheelbarrows, at least two being 
necessary for quick work (sheet-iron body preferred); a rake; 
a water barrel; water buckets, 2-gallon size; and a sand 
screen, made by nailing a piece of 14-in-mesh wire screen, 
2% by 5 ft. in size, to a frame made of 2 by 4-in. lumber. 

The tools needed for work upon the walk itself will con- 
sist of a tamper, straight-edge, wood float, mason’s trowel, 
smoothing trowel, edger, jointing tool, and line or dotting 
roller if specified: These tools may be obtained with long 
or short handles as the workman prefers. 

The batch will be mixed on a wooden platform known 
as a concrete board. For two men, this should be 9 ft. by 10 
ft. for a 2-bag batch, or 12 by 10 ft. for a 4-bag batch. Make 
it out of 1-in. boards 10 ft. long, surfaced on one side, using 
five 2 by 4-in. by 9-ft. cleats to hold them together. The 
boards are so laid as to enable the shoveling to be done with, 
and not against, the cracks between the boards. The bodrds 
must be drawn up close in nailing, so that no cement grout 
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will run through while mixing. If tongued-and-grooved boards 
are available, so much the better. Knotholes may be closed 
by nailing a strip across them, on the under side of the 
board. Often 2-in. planks are used in making concrete boards, 
but these are unnecessarily heavy, and very cumbersome to 
move. 

The concrete board is usually best placed as close as 
possible to the forms in which the concrete is to be deposited, 
but local conditions must govern this point. Choose a place 
giving plenty of room, near the storage piles of sand and 
stone (or gravel). Block up the concrete board level, so 
that the cement grout will not run off on one side, and so 
that the board will not sag in the middle under the weight 
of the concrete. 

Make the runways for the wheelbarrows of good, strong 
plank 2 to 3 in. thick and 10 to 12 in. wide. They should be 
of liberal width—say at least 20 in. wide if lifted much above 
the ground—as this feature will help greatly to lighten and 
quicken the work. 

COST OF CONCRETE WALKS 

Figures indicating the cost of different types of sidewalks, 
and data for calculating quantities of material needed for 
their construction, compiled by the Information Bureau of the 
Universal Portland Cement Company, are as follows: 

The cost of cement walk will vary with the cost of ma- 
terials and labor, and with the experience of the men doing 
the work; also with the location of the walk, the amount of 
walk to be placed at one time, and its width. The cost of 
materials given below includes delivery on the work. 

Two-Course Sidewalk. Experience shows that a gang of 
six men can lay between 600 and 800 sq. ft. of walk in a day 
of ten hours; and 700 sq. ft. is considered as a day’s work in 
arriving at these figures. This estimate is based on a 6-ft. 
walk, having 9-in. cinder sub-base, 414-in. base consisting of 
1 part cement, 2% parts sand, and 5 parts crushed stone, 
covered with a %-in. top of 1 part cement and 1% parts sand. 
The stone ranged in size from %4 to % in. and contained 45 
per cent voids. A good grade of coarse sand passing a 4-in. 
screen was used. The sand contained 33 per cent voids. The 
mixing was done by hand. 

LABOR (TWO-COURSE) 
One finisher at $5.00 per day....++-+s+eereees $ 5.00 
Five laborers at $2.50 per day...-+--++++see+: 12.50 


Total cost of labor (700 sq. ft.).....- ..$17.50 
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Total cost of labor per 100 sq. ft. ..... $ 2.50 


MATERIALS (TWO-COURSE) 
Cement 2.5 barrels at $1.50 per barrel....... 2 Sede 
Stone 1.21 cu. yds. at $1.50 per cu. yd. ... 1.82 
Sand .80 cu. yd. at $1.25 per cu. yd. ... 1.00 


Cinders 2.7 cu. yds. at $0.50 per cu. yd. .... 1.35 
Total cost of materials per 100 sq. ft. ... 7.92 
Total cost of laying 100 sq. ft. ......... $10.42 


It should be noted that this estimate provides for a walk 
where an excavation for the sub-base was necessary. No 
addition was made for cost of forms or equipment deprecia- 
tion. 

One-Course Sidewalk. The cost of placing one-course work 
is probably less than for the two-course; but, for comparison, 
the labor and cost of materials have been considered the 
same and the calculations made accordingly. 


LABOR (ONE-COURSE) 


One finisher at $5.00) per day, <-.--<-s—--6 <6). $ 5.00 
Five laborers at $2.50 per day .............. 12.50 
Total cost of labor for 700 sq. ft. ...... $17.50 
Total cost of labor per 100 sq. ft. ...... $ 2.50 
MATERIALS (ONE-COURSE) 
Cement 2.42 barrels at $1.50 per barrel...... $ 3.63 
Stone 108 cu. yous at. $1750) per cisyd: <..) 42.62 
Sand “(3 Cu. “yds sat $1.25 per cua. yo)... 91 
Cinders 2.7 cu. yds. at $0.50 per cu. yd. ... 1.35 
Total cost of materials per 100 sq. ft. .. $ 7.51 
Total cost of laying 100 sq. ft. ......... $10.01 


Concrete Sidewalk on Limestone Flags 


In some of the business districts of our larger cities, the 
old limestone flags are fast wearing out making replacement 
necessary. -A great deal of expense may be saved, provided 
the flags are of sufficient thickness, by laying a mortar top, 
not less than 2 in. thick, directly upon the limestone. It is 
necessary to clean the surface thoroughly by chipping, and 
anchor a steel plate to the flags for the curb edge. The ap- 
plication of a cement-granite screenings top completes the 
work, and has proven successful in severai instances. 
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Sidewalk Calculations 
Number of cubic yards of concrete in 100 sq. ft. of side- 
walk: 
3 in. thick—0.926; 4% in. thick—1.389; 
3% in. thick=—1.080; 5 in. thick=1.543; 
4 in. thick—1.235; % in. thick=0. 232; 
4¥% in. thick—1.312; Pe iethick=-(0) 309! 


Assuming 1 sack cement—1 cu. ft., 1 cu. yd. of concrete 
requires for: 


Bbls. Cu. Yds. Cu. Yds. 
Mixture Cement Sand Gravel 
1:1%:3 1290 0.42 0.85 
ee Dee 3 1.74 0.52 OTT 
pI ROTE for 1.51 0.45 0.89 
1:2%:4% aL eail 0.48 0.87 
1:2%:5 1.24 0.46 0.92 
123 eo Thea; 0.52 0.86 
Tet: 4.88 Olt 
1:1% SEO 0.86 


Example—Two-course sidewalk 400 ft. long, 5 ft. wide, 
4¥%,-in. base mixture 1:2%4:5, %-in. top mixture 1:1%. 
Area sidewalk—400x5—2,000 sq. ft. 
Base— 
Cubical contents—20.00x1.312—26.2 cu. yds. 
x 1.24—32% barrels cement 
26.2 x 0.46=12 cu. yds. sand 
x 0.9224 cu. yds. gravel 


Top— 
Cubical contents—20.00 x .282—4.64 cu. yds. 
fx 3.87—18 barrels cement 
4.64 x 0.86= 4 cu. yds. sand 


Total— 
32144+18—50% barrels cement 
12 + 4=—16 cu. yds. sand 
24 + 0—24 cu. yds. gravel 


Example: One-course sidewalk as above 400 ft. long, 5 ft. 
wide, 4% in. thick, mixture 1:2:3. 
Area sidewalk—400 x 5—2,000 sq. ft. 
Cubical contents—20.00 x 1.389—27.8 cu. yds. 
x 1.74—48.3 barrels cement 
27.8 x 0.52—=14.5 cu. yds. sand 
x 0.77—21.4 cu. yds. gravel 
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Average Costs for Estimating 


Concrete sidewalks, finished with mortar of sand and 
cement, granite screenings and cement, etc., 10 to 25 cents per 
sq. ft. Mortar finish alone, 5 to 15 cents per sq. ft. 

A common contract price for concrete sidewalks, small 
jobs, is 15 to 20 cents per sq. ft. Large paving work can be 
done at an actual cost of about 10 cents per sq. ft. 


BRICK WALKS 


Brick walks are used in a great many localities, and, if 
properly constructed, are cheap and durable. 

The construction of a brick sidewalk consists of an ex- 
cavation from 8 to 10 in. deep, depending upon the condition 
of the soil, care being taken that all soft material is removed, 
and that the subgrade is made parallel to the surface of the 
finished walk. The foundation used in this excavation con- 
sists of a layer of clean, course sand, fine gravel, or cinders 
which furnish a firm support for the bricks. This material 
should be thoroughly rolled or tamped so as to compress it 
into a firm layer. Where gravel or cinders are used, a layer 
of sand from 1% to 2 in. deep is placed in the excavation on 
top of the fill, to serve as a cushion for supporting the bricks. 

The bricks used in this class of work are hard-burned, 
with plane, parallel surfaces and sharp, right-angled edges. 
The bricks are laid either with the large surface up for light 
traffic, or set on edge where heavy traffic is to be met. The 
method of laying the pattern of the brickwork may be varied 
in design, and a pleasing effect may be obtained by introduc- 
ing different colored bricks if desired. The side of the walk 
is protected by laying a row of bricks on edge to form a 
border. Joints between bricks should be thin to prevent 
weeds and grass from growing up in the walk. 

In laying the bricks, it is customary to place 2 by 4 timbers 
along each side of the foundation, lined up so that the top 
edges are flush with the top of the finished walk. The 2-in. 
layer of sand is then placed on the foundation, and leveled off 
parallel to the surface of the finished walk. The bricks are 
then laid by men standing on the bricks already in position, 
so as not to disturb the sand cushion ahead of the work in 
progress. The surface of the finished walk is then carefully 
and thoroughly rammed or tamped so as to settle all of the 
bricks into the sand cushion and form a level surface at the 
top. The final operation consists in sprinkling a layer of fine, 
dry sand over the top of the walk, and allowing about ¥%-in. of 
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sand to remain on the top surface to be worked into the 
joints by traffic. 

The cost of brick sidewalks will be made up in detail of 
the following points: Cost of excavation and preparation of 
bed; cost of bricks per thousand; cost of sand and material 
for filling in foundation, and cost of labor in placing materials. 
The cost of excavation and preparation of bed will be found in 
the section on “Excavation” earlier in this volume. The num- 
ber of bricks needed to lay a square yard of sidewalk will be 
found in Table 1 in the section on “Roads and Pavements.” 
The cost of labor in placing the sand cushion and laying the 
bricks will be about 5 cents per sq. yd. of top surface. 


ASPHALT WALKS 


The construction of asphalt sidewalks is practically the 
same as that for asphalt pavements described on page 702 in 
the section on “Roads and Pavements,” except that the foun- 
dation does not need to be so heavy, nor the wearing coat so 
thick. A soft mixture of asphalt is used in the wearing 
coat, since this coat is not required to bear heavy loads such 
as would come upon a pavement. The softer the mixture so 
long as it is suitable for working purposes, the better for 
use in sidewalk work, and the longer its life. This type of 
walk is unsuitabie for locations where walks are used but 
little, since cracks which form from the contraction and ex- 
pansion of the walk are not closed again by the effects of 
travel. 

The cost of an asphalt walk consisting of a concrete base 
8 in. thick and an asphalt wearing coat 1 in. thick, is about 
$1.00 per sq. yd., exclusive of the cost of grading or prepara- 
tion for laying. 

One ton of prepared rock-asphalt will cover about 26 sq. 
yds. 1 in. thick where grit is not used, and about 33 sq. yds. 
when about 25 per cent of grit is mixed in with the asphalt. 
Other thicknesses of wearing coat would be estimated in pro- 
portion to the above amounts. 

A skilled workman will lay from 12 to 15 sq: yds. of asphalt 
pavement or sidewalk per hour. 


CINDER WALKS 


Cinder walks are constructed by excavating a trench 6 in. 
or more in depth, and filling same with a layer ‘of cinders in 
which the larger particles are well embedded in the body of 
the fill. The fill is then flooded and tamped thoroughly to 
embed the smaller particles in the larger... The surface of a 
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walk of this kind is given considerable crown, and small gut- 
ters are needed at the sides to provide drainage. Cinder 
walks are not considered to be so satisfactory as gravel or 
other similar types of walks. 


GRAVEL WALKS 


Gravel walks are serviceable where traffic is light, and 
where a cheap type of walk is desired. The construction of a 
gravel walk consists of an excavated trench about 5 in. deep, 
with bottom of trench parallel to surface of the finished 
walk. The lower part of a walk of this kind consists of 3 or 
4 in. of crushed stone or gravel of small dimensions, which 
is rolled into place with a heavy roller in a manner similar 
to that followed in the construction of a macadam road. The 
wearing surface consists of about % in. of fine gravel or tor- 
pedo sand having grains not over %-in. in dimension. The 
edges of the finished surface should be about 4¢-in. below the 
adjoining lawn surface when finished. 

In clayey soils, it may be necessary to excavate a deeper 
trench, and lay a foundation bed of cinders upon which the 
crushed stone or gravel is placed. 


CURBS AND GUTTERS 

Since concréte is fast becoming the material used in curb 
It "p ”, D and in curb-and-gutter construc- 
we tion, the data embodied in the 
ie G orl following specifications will form 
a basis for determining the nec- 
pe “ essary points of design for 
standard types of construction. 
NOTLESS Figs 4 and 5 show these stand- 
THAN 2” ard types for both plain curb and 

combined curb and gutter. 


PROPOSED REVISED STAND- 
ARD SPECIFICATIONS FOR 
CONCRETE CURB, AND CON- 
CRETE CURB AND GUTTER 


Presented to the National Asso- 
; len DNs ciation of Cement Users, De- 
Sig. 4. Standard Type of et 

Concrete Curb. MATERIALS 


——I 


SIDEWALKS, CURBS, AND GUTTERS 671 


1. Cement. The cement shall meet the requirements of 
the Standard Specifications for Portland Cement of the Amer- 
ican Society for Testing Materials and adopted by this As- 
sociation. ; 

2. Fine Aggregate. Fine aggregate shall consist of sand, 
crushed stone or gravel screenings, graded from fine to coarse, 
and passing when dry a screen having %4-in. diameter holes; 
shall be preferably of silicious material, clean, coarse, free 
from dust, soft particles, loam, vegetable or other deleterious 
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Fig. 5. Standard Types of Combined Curb and Gutter. 


matter; and not more than 3 per cent shall pass a sieve hay- 
ing 100 meshes per linear inch. Fine aggregate shall be of 
such quality that mortar composed of 1 part Portland cement 
and 3 parts fine aggregate by weight, when made into briqu- 
ettes, will show a tensile strength at least equal to the 
strength of 1:3 mortar of the same consistency made with the 
same cement and Standard Ottawa sand. In no case shall fine 
aggregate containing frost or lumps of frozen material be 
used. 

3. Coarse Aggregate. Coarse aggregate shall consist of 
inert materials such as crushed stone or gravel graded in 
size, retained on a screen having %4-in. diameter holes; shall 
be clean, hard and durable, free from dust, vegetable, or other 
deleterious matter, and shall contain no soft, flat, or elongated 
particles. In no case shall coarse aggregate containing frost 
or lumps of frozen material be used. The maximum size of 
coarse aggregate shall be such as to pass a 1%4-in ring. 

4. Natural Mixed Aggregate. Natural mixed aggregates 
shall not be used as they come from the deposit, but shall be 
screened and remixed to agree with the proportions specified. 

5. Sub-Base. Only clean, hard, suitable materials, not ex- 
ceeding 4 in. in the largest dimension shall be used. 

6. Water. Water shall be clean, free from oil, acid, alkali, 
or vegetable matter. 
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7. Coloring. If artificial coloring material is required, 
only mineral colors shali be used. 


SUB-GRADE 


8. Depth below Grade. (a) Concrete Curb. When a sub- 
base is required, the sub-grade shall not be less than 380 in. 
below the established grade of the curb. 

(b) Concrete Curb and Gutter. When a sub-base is re- 
quired, the sub-grade shall not be less than 11 in. below the 
established grade of the gutter. 

9. Preparation. All soft and spongy places shall be re- 
moved, and all depressions filled with suitable material which 
shall be thoroughly compacted in layers not exceeding 6 in. 
in thickness. 

10. Deep Fills. When a fill exceeding 1 ft. in thickness is 
required to bring the work to grade, it shall be made in a 
manner satisfactory to the engineer. 

11. Drainage. When required, a suitable drainage system 
shall be installed and connected with sewers or other drains 
indicated by the engineer. 


SUB-BASE 


12. Thickness. (a) Concrete Curb. On the sub-grade 
shall be spread a material as hereinbefore specified, which 
shall be thoroughly rolled or tamped to a surface at least 24 
in. below the established grade of the curb. 

(b) Concrete Curb and Gutter. On the sub-grade shall 
be spread a material as hereinbefore specified, which shall be 
thoroughly rolled or tamped to a surface at least 6 in. below 
the established grade of the gutter. 

13. Wetting. While compacting the sub-base, the ma- 
terial shall be kept thoroughly wet, and shall be in that con- 
dition when the concrete is deposited. 


FORMS 


14. Materials. Forms shall be free from warp and of suf- 
ficient strength to resist springing out of shape. 

15. Setting. The forms shall be well staked or otherwise 
held to the established lines and grades, and their upper 
edges shall conform to the established grade of the curb or 
curb and gutter. 

16. Treatment. All wood forms shall be thoroughly wetted, 
and metal forms oiled, before depositing any material against 
them. All mortar and dirt shall be removed from forms that 
have been previously used. 
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CONSTRUCTION 


17. Dimension of Curb. The section of the curb shall 
conform with that shown in Fig. 4. The thickness at the 
base shall not be less than 12 in., and at the top not more 
than 6 in., with a batter on the street side of 1 to 4. 

18. Dimensions of Curb and Gutter. The sections of the 
combination curb and gutter shall conform with that shown in 
Figure 5. The depth of the back of the curb shall not be 
less than 12 in., and the depth of the face not less than 6 in. 
The breadth of the gutter shall not be less than 16 in., nor 
more than 24 in. 

19. Size of Sections. The curb and gutter shall be di- 
vided into sections not less than 5 nor more than 8 ft. long 
by some method which will insure the complete separation of 
the sections. 

20. Section at Street Corners. The construction of the 
combination curb and gutter at street corners shall conform 
with that shown in Figure 5. The radius of the curb shall 
not be less than 6 ft. 

21. Width and Location of Joints. A %%-in. expansion joint 
shall be provided at least once in every 150 ft. 

22. Joint Filler. The expansion joint filler shall be a 
suitable, elastic, waterproof compound that will not become 
soft and run out in hot weather, nor hard and brittle and 
chip out in cold weather. 

23. Protection of Edges. Unless protected by metal, the 
upper edges ot the concrete shall be rounded to a radius of 


¥% in. 
MEASURING AND MIXING 


24. Measuring. The method of measuring the materials 
for the concrete, including water, shall be one which will in- 
sure separate uniform proportions at all times. A sack of 
Portland cement (94 Ibs. net) shall be considered 1 cu. ft. 

25. Machine Mixing. When the conditions will permit, a 
machine mixer of a type which insures the uniform propor- 
tioning of the materials throughout the mass, shall be used. 
The ingredients of the concrete or mortar shall be mixed to 
the desired consistency, and the mixing shall continue until 
the cement is uniformly distributed and the mass is uniform 
in color, and homogeneous. 

26. Hand Mixing. When it is necessary to mix by hand, 
the materials shall be mixed dry on a water-tight platform 
until the mixture is of uniform color and the required amount 
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of water added, and the mixing continued until the mass is 
uniform in color, and homogeneous. 

27. Retempering—that is, remixing mortar or concrete 
that has partially hardened with additional water—will not be 
permitted. 


TWO-COURSE CURB AND CURB AND GUTTER 


Base 


28. Proportions. The concrete shall be mixed in the pro- 
portion of 1 sack Portland cement, 21% cu. ft. fine aggre- 
gate, and 5 cu. ft. coarse aggregate. 

29. Consistency. The materials shall be mixed wet enough 
to produce a concrete of a consistency that will flush readily 
under slight tamping, but which can be handled without caus- 
ing a separation of the coarse aggregate from the mortar. 

30. Placing. After mixing, the concrete shall be handled 
rapidly, and the successive batches deposited in continuous 
operation completing individual sections. Under no circum- 
stances shall concrete be used that has partially hardened. 
The gutter forms shall be filled, and the concrete struck off 
and tamped to a surface the thickness of the wearing course 
below the established grade of the gutter. The concrete for 
the curb shall be placed and tamped so as to permit of the 
application of the required wearing course to the face and 
top so as to bring the work to the established line and grade 
of the curb. The work shall be executed in a manner which 
will insure perfect joints between abutting sections. Work- 
men shall not be permitted to walk on freshly laid concrete; 
and, if sand or dust collects on the base, it shall be carefully 
removed before the wearing course is applied. 


Wearing Course 


31. Proportions. The mortar shall be mixed in the man- 
ner hereinbefore specified in the proportion of 1 sack Port- 
land cement and not more than 2 cu. ft. of fine aggregate. 

32. Consistency. The mortar shall be of a consistency 
that will not require tamping but which can be easily spread 
into position. 

33. Thickness. The wearing course of the gutter and top: 
and face of the curb shall have a minimum thickness of 3% in. 

34. Placing. The wearing course shall be placed immedi- 
ately after mixing, and in no case shall more than 50 min- 
utes elapse between the time the concrete for the base is 
mixed and the time the wearing course is placed. 

35. Finishing. After the wearing course has been brought. 
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to the established line and grade, it shall be worked with a 
wood float in a manner which will thoroughly compact it. 
When required, the surface shall be troweled smooth, but ex- 
cessive working with a steel trowel shall be avoided. The 
section markings shall be made in the wearing courses di- 
rectly over the joints in the base, with a tool which will com- 
pletely separate the wearing courses of adjacent sections. If 
excessive moisture occurs on the surface, it must be taken 
up with a rag or mop; and in no case shall dry cement or a 
mixture of dry cement and sand be used to absorb this moist- 
ure or to hasten the hardening. The edge of the curb on the 
street side, and the intersection of the curb and gutter, shall 
be rounded to a radius of about 1144 in. All other edges shall 
be rounded to a radius of % in. unless protected by metal. 

36. Coloring. If artificial coloring is used, it must be in- 
corporated with the entire wearing course, and shall be mixed 
dry with the cement and aggregate until the mixture is of 
uniform color. In no caS8e shall the amount of coloring used 
exceed 5 per cent of the weight of the cement. 


ONE-COURSE CURB AND ONE-COURSE CURB AND 
GUTTER 


The general requirements of the specifications covering 
two-course work will apply to one-course-work, with the fol- 
lowing exceptions: 

37. Proportions. The concrete shall be mixed in the pro- 
portion of 1 sack Portland cement and not more than 2 cu. 
ft. of fine aggregate, and 3 cu. ft. of coarse aggregate passing 
a 1-in. ring. 

38. Placing and Finishing. The forms shall be filled, the 
concrete struck off, and the coarse particles forced back from 
the surface, and the work finished in usual way. 


Protection 

39. Treatment. As soon as the concrete has hardened suf- 
ficiently to prevent being pitted, it shall be sprinkled with 
clean water, and kept wet for at least 4 days. The work shall 
not be opened to traffic until the engineer so directs. 

40. Temperature below 35 Degrees F. If at any time 
during the progress of the work, the temperature is, or in 
the opinion of the engineer will within 24 hours drop to 35 
degrees F., the water and aggregates shall be heated and 
precautions taken to protect the work from freezing for at 
least 5 days. In no case shall concrete be deposited upon a 
frozen sub-grade or sub-base. 
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COST OF CURBS AND GUTTERS 


The cost of curbs and combined curbs and gutters de- 
pends upon the cross-section of the work and the materials 
used. It is very difficult to give a price which is of any real 
value, on account of this great variation. 

The labor cost on curb and combined curb and gutter will 
vary from 10 to 15 cents per linear foot where finishers are 
paid $5.00 and laborers $2.50 per day. 

The cost of materials can be determined by finding the 
number of cu. ft. of volume in a given length of the curb, 
or curb and gutter, and then determining the quantity of 
cement, sand, and gravel or crushed stone needed from a 
table of quantities similar to that given in the section on 
“Concrete Construction.” 

A rough estimate for concrete curb, and curb and gutter, 
as just described would be from 25 to 50 cents per linear 
foot. 

Prices for other kinds of curbing will vary about as fol- 
lows: 

Sandstone and limestone, 50 cents to $1.00 per linear 
foot, in place. 

Bluestone, $1.00 to $1.50 per linear foot, in place. 

Granite, $1.00 to $2.50 per linear foot, in place. 

Curved curbs, in stone, 20 per cent to 10 per cent extra. 

Resetting curb, 10 to 50 cents per linear foot. 


Roads and Pavements 


Estimating the cost of roads and pavements is a rather 
uncertain procedure, unless the contractor has had experience 
in this particular line of work. Even then, soft earth or ex- 
cavations and fills of uncertain character may prove trouble- 
some and a matter of considerable extra expense. The local 
costs of labor and materials prove to be just as impor vant 
in road building or street paving and improvement as in any 
other form-of construction, and will largely govern the cost 
of the work in any case. For this reason, the costs which 
follow must be regarded only in the light of an aid in de- 
termining other actual costs for any given job. 

The roads and pavements which are here treated consist. 
of the’ following types: Earth roads, macadam roads, and 
stone, brick, wood block, concrete, asphalt, and cobblestone 
pavements. 
PREPARATION OF ROADBED 


The method of determining the amount of earth to be 
excavated or moved, may be determined by the method of 
measurement given in the section on Excavation. Also, 
amounts of earth which may be handled by shovels, wheel- 
barrows, or scrapers may be found in the same section, to- 
gether with labor costs for removing materials. 


EARTH ROADS 


Earth roads are the cheapest in first cost, but may re- 
quire considerable expenditure in maintenance. This type 
of road is intended for light traffic, and demands constant 
attention in order that it may be kept in good shape. A 
properly constructed earth road must have a _ surface so 
graded that drainage of water will be from the center of the 
road to the sides. The effect of water standing on the sur- 
face of earth roads is to produce a soft condition which 
soon destroys the road for easy service. A road constructed 
in low ground may require under-drainage as well as side 
drainage, for best results. In fact, any soil in which ground 
water comes within 4 or 5 feet of the surface will be bene- 
fited by a system of under-drainage. 

The best and cheapest method of securing under-drainage 
is to lay a line of porous tile 3 or 4 feet deep on one or both 


677 


678 RADFORD’S ESTIMATING AND CONTRACTING 


sides of the roadway. The size of the tile will depend upon 
the quantity of water to be carried away. The tile are laid 
with their ends in contact, care being taken to adjust them 
until the ends fit reasonably close. If it is feared that water 
will wash in at the open ends of the tile, the joints may 
be covered with tarred paper or some similar material, to 
prevent the entrance of foreign matter. There is little danger 
of this condition if the tile are laid with a very slight fall, 
and if a free outlet is provided. A fall of about 3 inches 
per 100 feet of length is the lowest that should be allowed 
for good working conditions in the tile. 

If side ditches are used to carry the water away from 
the roadway, they should be of such a grade as to carry it 
rapidly and entirely away from the roadside. Such ditches 
do not need to be deep, but should have a broad, flaring 
side toward the road, to prevent accident in case a vehicle 
should be crowded to the extreme side of the road. The 
outside bank of the ditch should have sufficient slope to 
prevent the earth caving in. This ditch should have a free 
outlet at the end, to provide a means of disposing of the 
water. f 

If the road is built in an excavated space, care must be 
taken to provide a ditch on each side of the road, so that 
the water will not run down into the middle of the road. 

No attempt should be made to carry water long distances 
in side ditches, but frequent outlets should be made which 
discharge into natural water-courses. 

The crown of the road should be at least 1%4 in. to 1 ft. 
for the slope from the center of the road to the side; and 
should not be more than 1 in. to a foot at the same location. 
A proper crown can be easily and cheaply made by the use 
of a road machine or scraping grader. The crown should be 
greater on steep grades than on level portions of the road, 
since on the grade the line of steepest slope is not perpen- 
dicular to the length of the road, and consequently the water 
travels in an oblique direction in getting down from the 
center of the road. 

The width of the right of way varies considerably, but 
is usually between 40 and 66 ft. In the case of a 40-ft. right 
of way, 28 ft. are used for ditches and wheelway, and the 
remainder reserved for footpaths at the sides. For a 66-ft. 
right of way, 54 ft. are used for ditches and roadway, and 
the remainder for footpaths. : 

The side slones of the earth for use in different loca- 
tions and soils may be found in the section on Harth Ex- 
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cavation earlier in this volume, together with costs of mov- 
ing earth, shrinkage of earthwork, and labor quantities in 
connection with the handling of soil or earth. 


MACADAM ROADS OR PAVEMENTS 


A macadam pavement is one built by placing small frag- 
ments of stone in an excavated space, and compacting them 
into a solid mass. This type of road derives its name from 
John Loudon Macadam, a famous English builder of broken 
stone roads. According to present practice, the term “ma- 
cadam” is not altogether appropriate when used for a broken 
stone road, but should strictly be used to designate the foun- 
dation or lower courses of a stone road composed entirely 
of small fragments. 

The construction of macadam roads and pavements con- 
sists, first, in excavating subgrade similar to that just de- 
scribed for earth roads. This subgrade must be well drained 
by tile drains or side ditches. Two forms of constructing 
the roadway are in common use—surface construction and 
trench construction. Surface construction consists in plac- 
ing a layer of broken stone upon the earth road, and leay- 
ing it to be compacted by the travel which passes over the 
road. Where this form of construction is employed, some 
stone such as limestone is used for the top coating, since a 
soft stone will pulverize and thus produce a binding agency 
between the small particles of rock. The trench form of 
construction consists of the excavated type referred to above, 
with the excavation filled with the broken stone. 

Madacam roads consist of two or more layers of crushed 
stone, the first being placed directly upon the earth road- 
bed. The size of stone used depends upon the hardness and 
toughness of the stone, and upon the kind of traffic. The 
harder and tougher the material, the smaller may be the size 
of particles used. The stones in the top course should be 
larger for heavy traffic than for light traffic, in order that 
they may not be ground into powder. The bottom course 
of a macadam road built of soft stones is often limited to 
fragments of 3 to 4 in. in largest dimensions; but, if of 
hard stone, the size may be reduced to 2 to 2% in. The top 
course is usually composed of stones 1 to 2 in. in size for 
heavy traffic, and % to 1 in. in size for light traffic. These 
particles should be of hard, tough rock. 

The subgrade should be rolled before placing the stone, 
to prevent the particles from being forced into the earth. 
The lower course of stone should be rolled to compact it so 
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that the pieces will not move under traffic. The top course 
should be rolled to pack it tightly and bind the pieces into 
place so that they may not be knocked out by the horses’ 
feet. Care should be taken to sprinkle the rock during roll- 
ing so as to work the binding material into the crevices, 
making the surface water-tight. Since the stone is put on 
in two or three layers, each course should be thoroughly 
rolled before the next is added. The rolling should be done 
from both sides of the road, toward the center, and should 
continue until the stone ceases to creep in front of the roller, 
and until the macadam is firm under the foot. 

The width of a macadam road or pavement varies in dif- 
ferent localities, while 10 to 12 feet may be given as an 
average for country roads. A width of 16 feet will be suffi- 
cient unless there 1s considerable rapid traffic. 

The amount of the crown will vary with the location of the 
road and the grade. The average slope is about 1 in. to 1 ft. 
as the fall from the center of the road towards the ditch. 


STONE BLOCK PAVEMENTS 


Stone block pavements are used where traffic is heavy. 
The material from which the blocks are made should be 
hard enough to stand the abrasive action of travel, and 
tough enough to prevent fracture by impact which comes 
upon such pavements. The materials which have been used 
for paving blocks are granite, trap, sandstone, and limestone, 
granite being the most frequently used. 

The foundation for a stone block pavement consists of 
a layer of concrete stone placed upon a prepared earth ex- 
cavation, and covered with a sand cushion about 2 in. thick. 
This cushion is used to bed the blocks, and to bring each 
top to a uniform surface. 

The blocks are made of sound, durable stone of as near 
one color as possible. These blocks are laid with their 
long dimensions across the street, except at street inter- 
sections; and should be placed in straight rows, with as 
thin joints as possible. Each course should be of uniform 
width and depth, and the bond in different courses should 
be at least 3 in., or as near a half-block as possible. 

After the blocks are in place, they should be rammed or 
tamped until they come to a uniform bearing and even sur- 
face. Imperfect or broken blocks should be removed and re- 
placed with perfect blocks. 

After the ramming is completed, the joints are swept full 
of pebbles. The size of the pebbles will vary from %4 to % 
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in. in the case of ordinary stone pebbles. These pebbles 
are tamped down with a bar having a chisel-shaped end, and 
the joints filled again with pebbles, and again tamped. The 
final filling of the joints is completed by spreading fine sand 
over the pavement and allowing traffic to work it into the 
joints, or by pouring hot tar, or a mixture of tar and as- 
phalt, over the pavement. The tarred joint makes a better 
pavement, and provides a waterproof condition. The quantity 
of tar required to fill the joints varies from 1 to 314 gallons 
per square yard of pavement surface, according to the size 
of the joints and the condition of the pavement in general. 
BRICK AND BLOCK PAVEMENTS 

In the construction of brick pavements, the sub-founda- 
tion should be prepared in the same manner as for the 
construction of any street. The earth should be graded, 
and compacted to a smooth surface conforming to the grade 
of the finished street. A layer of concrete consisting of 
broken stone or gravel mixed with sand or finer particles of 
sand or gravel should be laid to a thickness of 4, 5, or 6 
inches on top of this compacted earth. The amount of 
water to be used in this concrete should be such that the 
surface of the concrete itself may be made smooth, but at 
the same time able to stand at a grade conforming with 
that of the finished street. 

A layer of compressed sand 2 in. thick should be spread 
on top of the finished concrete to form a cushion upon which 
to lay the brick. This layer of sand may be compacted to 
a uniform density by the use of an ordinary lawn roller 
weighing 300 pounds, and by the use of a template with a 
steel face which will cut the sand to an exact 2-in. uniform 
depth. This sand cushion furnishes a uniform and ample 
support to the surface of the brick, and at the same time 
affords sufficient resiliency both to protect the brick from 
chipping and the cement filler from breaking, due to vibra- 
tions of the impact or to the weight of the load to which 
it is to be subjected. 

The brick should be placed on edge along this cushion 
with the best edge up; then rolled with a 5-ton roller, bring- 
ing the surface of the bricks to a perfect plane. After the 
bricks are laid, a space from 1 to 1% inches in width, and 
to a depth of the brick, should be provided along the curb 
by placing a board that may be finally withdrawn. This pro- 
duces a space in which pitch may be poured to serve as 
a cushion for the contraction and expansion of the pavement 
occurring during the seasons of extreme heat or cold. 
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The whole pavement is then made into a monolithic form 
by carefully filling all the joints with a mixture of grout 
composed of 1 part Portland cement and 1 part fine, sharp 
sand. This mixture must be so applied that the sand and 
cement shall be held in place in the proportion named and 
to the full length of the joints. This is done by mixing 
the grout filler in small batches not exceeding one sack of 
cement and an equal amount of sand, in a box standing on 
legs of uneven length, so that during the mixing process the 
wet mixture will continually run back to the low end of 
the box while being turned over with a hoe. 


Fig. 1. Cross-Section of Street Paved with Brick, as Recom- 


mended by the National Paving Brick Manufacturers’ As- 
sociation. 


The grout mixture is lifted out with a scoop shovel, and 
deposited upon the street a shovelful at a time, and then 
swept into the joints immediately. The joints should thus 
be filled full, and flush with the surface of the pavement. 
A rattan or fiber broom is used in the application of the first 
coat of grout, while a squeegee is used in the application 
of the final coat. 

The finished pavement should be protected from heat and 
cold; and a slow setting of the filling grout should be brought 
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about by spreading a thin layer of sand over the surface. 
In extremely hot weather this coating of sand should be wet 
by sprinkling. The boards along the curb should be with- 
drawn at this time, and the space left filled with the mate- 
rial used for the expansion cushion. 

A pavement built in this way will last in perfect con- 
dition without a penny of repair for about 35 years, in an 
entirely satisfactory condition for travel. 

The bricks used for paving are about 8% x 4 x 2% in. 
in size. Another size of brick, commonly called a block, is 
Mec CE b.e ai hie, 

The method of laying brick pavements is illustrated in 
Fig. 1, which shows also two types of curbing—one for city 
streets (on left), and one suitable for country roads (on 
right). 

The cost of a brick pavement with pitched joints such as 
shown in Fig. 1 is about $2.60 per sq. yd.; while the cost 
of the curbing as shown on the left, is about 45 cents per 
linear foot. 

In determining the nucies of brick necessary for pav- 
ing any desired area, Table 1 will be found of assistance. 


TABLE 1 
Covering Capacity of Paving Brick 


NuMBER REQUIRED NoumBer REQUIRED 
Sizp FoR EacH SQUARE FoorT S1zp FOR EACH Square Foor 
OF OF 

Brick Laid on Laid Brick Laid on Laid 
Edge Flat Edge Flat 
2 x45 x8" Lin, 9 4.5 3 x4lx9 in. 5.4 3.6 
214x4l4x8lgin. 7.8 4.1 4 x4 or in. 4.5 4.5 

214x448 i4in, 6.8 3.8 4 x4 in. 4 4 
cance in. 6.4 3.6 4% x4 U4a8 Y4in, 3.8 3.8 
x4) x8 in: 6 4.5 4ox4Yox9 in. 3.6 3.5 

; x4 144x8 Win. Bie 3.8 


Cost of Brick and Block Pavements 
The following items are to be taken into consideration in 
figuring costs in this connection: 


Cost of grading street.............+-06- 15 to 50c per cu. yd. 
Average value in easy soil and moderate 
CUES ee eye tit tetortietioa She ene cisceis e eehedtes 20 to 30c per cu. yd. 


Dressing off subgrade and loading material into wag- 
COILS Peete caer ate lore tene te allo tetielicy oh rise eh eiahetenelonans 2% to 3c sq. yd. 
Rolling with horse roller, longitudinally... 70.1 to .15c sq. yd. 
(With interest on investment in roller per year, may 
be as high as % to 1c sq. yd.) 
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Rolling with steam roller, longitudinally and trans- 
versely, without interest, depreciation, or  stor- 


AS Oke See ot se ailee meets ee ee 1 oc sepa irik ee ie sq. yd. 
Cost of 4-inch course of concrete: 
Materials oc Samet ce os © Sterne = or 30c sq. yd. 
TADOL Eee ee he eee ab ee ae GE Seis at eer 4 to 6c sq. yd. 
*Price of brick per thousand, at kiln.......... $7.00 to $15.00 
(Size 2144 x 4x 8% in.) Average........ 8.00 to 10.00 
Cost per sq. yd., exclusive of freight........ 43 to 54c 
Price of repressed blocks per thousand, at kiln...... 
Pid Pal ae ten ata os a eet es TCI oy NO SAE $12.00 to $14.00 
(Size 3 x 4 x 9 in.) 
Cost. per sq. yd., exclusive of freight......... 55 to 65¢ 
Cost of hauling and piling on side of street (haul of i 
mile; three wagons with each team )iz5<5 $1.00 per 1,000 


Brick, 4 in. of brick on 3 in. of sand, 65 to 85 cents per 
sq. yd.; 4 in. of brick on 6 in. of natural cement concrete and 
1%4-in. cushion of sand, $1.20 to $1.60 per sq. yd.; sidewalks, 
2 in. of brick on sand, 50 to 80 cents per sq. yd. 

The following analysis of the cost of brick paving is taken 
from “Engineering News,” July 24, 1902: 

“The following is a summary of the cost of paving with 
brick laid on edge, wages being 25 cents per hour for pavers 
and 15 cents for laborers: 


+Number of bricks set by 1 man per day: 


Average man ...... 10,000 to 12,000 (small) in 10 hrs. 
FOX POrt eepae Hele who se ieee eeaiat 15,000 (small) in 10 hrs. 
Average mam......... 8,000 to 10,000 (large) in 10 hrs. 
FOXPGLE, we 6 ceive isa 10,000 to 12,000 (large) in 10 hrs. 


*In estimating freight, a brick 
2  x4ax8 inches weighs about 5 pounds. 
2144x4x8% inches weighs about 7 pounds. 
38 x4x9 inches weighs about 9 pounds. 
Loss in broken and rejected bricks, from 2 to 4 per cent. 
tProf. ira O. Baker, in “Roads and Pavements,” says: “The 
organization of a paving gang is usually about as follows: 


1 Man in charge of spreading the sand cushion....®..... $ 2.50 
1 Helpér on, the’ sandroeushion:. oe oc oemuiemie ins sie state ole ebeeteten= 1.50 
6 Men wheeling blocks from wagons.................-.- 9.00 
4 Men Setting DLOCK Si: cauc ocho eae iucl aie: ee teimere) © Syste etenel cere rcmeraieee tere 10.00 
1 Man sweeping pavement and filling joints with sand.. 1.50 
i. Foreman in szeneral charmer ccm on ees sinh leis sivisteae ial 5.00 

Total per Gay: Of TO CHOUPBN ase ote cis dev eleicle, c/sluis talons tke $29.50 


“This gang should at least lay 1,000 square yards in 10 
hours.” . 
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Cost of filling joints in a brick pavement: 


WiTERI GAT Cie tirelececenaac ohrcrt et eS sae ee 2c sq. yd. 
EVVILEL © GAR tes ee Gh ae erased vs seh er etre eae tl) to I2cesd., ya. 
With Portland cement grout, mixed in small 
POE SEAN As Ors ches Per ee weal 10 to 12c sq. yd. 
With Portland cement grout, uniform brick, thin 
JOULES. 5. hore ctichors ta Satets io One its sine a 9 or 10c sq. yd. 


Cost of expansion joints: 
1 gal. tar at 8c for each 5 or 6 sq. yds. of pave- 
THOME es Sis aks Ss Sea ee ee SHG 1%c sq. yd. 

Add, also, cost of administration, tools, profits, ete. 

If brick blocks are piled at side of street, add 2 or 3 cents 
per square yard. 

The prices of labor and material will vary from the above 
according to the locality, and this outline may be changed to 
suit local conditions. 

Other estimates taken from various sources give the fol- 
lowing costs, which may be used in checking details local 
estimates: 

Brick work only, 15 to 20 cents per square yard. 


COST OF BRICK PAVING 


Cost per 

Square Yard 

Gia“pavers” at $10 per Ms occ averie wens wears clense nae $0.57 
Hauling 114 miles over earth roads......-...-+++-ee+05: .06 
Laying pavers, including labor of CTOUMLUMEH: cacti.» saline .08 
0.18 cu. ft. = 1/150 cu. yd. of grout*................... .05 
1/36 cu. yd. sand cushion at $1.08 cu. yd.....-....++-- .03 
Plank to protect CONCTete........--- eee ence e eee eeeeeee 01 
TMoval wet COM ssa cans Declan) lene sant eat otsl 4 utaie «im $0.80 

Add about 19 per cent for profit.......... sees eeeeeees 15 
@ONtrack PLIGC aq sie wis aiereo eieleataaul via statalo.= wioyehaiel $0.95 


“To this, of course, must be added the cost of grading 


and cost of concrete foundation.” 
Table 2 may be used in computing the number of bricks 


required for top course of pavement. 


: WOOD BLOCK PAVEMENTS 
Good practice demands that creosoted wood blocks be laid 
upon foundation of a solid, non-flexible material such as con- 
crete, of sufficient depth to accommodate the traffic to which 
it will be subjected. Upon this solid foundation, which is gen- 


*1 part Portland cement to 2 parts sand, 
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TABLE 2 


Number of Bricks Required for One Square Yard of Pavement 
Top Course 


The upper number in each case is for %-in. joints, and 
the lower for %4-in. joints. 


(Prof. Ira O, Baker.) 


THICKNESS OF BRICK, LN INCHES 


LENGTH 
OF BRICK 
(Inches) 


7% ..|82.1|77.6| 73.2 | 69.3|65.8| 62.8] 59.7 157.5 | 54.9 | 52.7 | 39.9 
76.2|72.0| 68.0 | 64.8 | 61.8} 58.9] 56.4154.0/52.0]49.8|38.1 
7% .. | 81.1] 76.2 | 72.0] 68.0] 64.8] 61.8] 58.9] 56.4 | 54.0] 52.0] 39.3 
75.3| 70.8] 67.2| 63.9 | 60.8 | 58.1] 55.4 ]53.1 | 51.1 | 49.1) 37.6 
8 .... | 80.1] 75.3] 70.8 | 67.2] 63.9 | 60.8 | 58.1) 55.4) 53.1 | 51.1) 38.7 
74,1/69.8 | 66.1] 62.9 | 60.0] 57.0] 54.4 ]52.5|50.8| 48.4] 36.9 
8% ..|78.5| 74.1] 69.8] 66.1 | 62.9 | 60.0] 57.1] 54.4 | 52.5 | 50.4 138.1 
72.8|58.9] 65.1] 62.0 | 59.2) 56.4 | 53.8] 51.6 149.7 | 47.7 | 36.4 
8%... | 77.1| 72.8] 58.91 65.1 | 62.0] 59.2 | 56.4 | 53.8 | 51.6 | 49.7 | 387.6 
72.0} 67.9 | 64.2|61.1158.1|55.5 | 52.9 | 50.8 | 48.9 | 47.0 | 35.9 
8% .. | 76.2] 72.0] 67.9 | 64.2 | 61.1] 58.1] 55.5 | 52.9 | 50.8 | 48.9 | 37.0 
70.8] 66.8] 63.2| 60.01] 57.4 | 54.7 | 52.3 | 50.0 | 48.2 | 46.3 | 35.3 
8% .. | 75.4] 70.8] 66.8 | 63.2] 60.01 57.4] 54.7 | 52.31-50.0 | 48.2 | 36.5 
69.7] 65.8 | 62.3 159.2 156.6 | 53.8 | 51.4 | 49.3 | 47.5 | 45.7 | 34.8 
85% .. | 74.1] 69.7] 65.8 | 62.3 | 59.2 | 56.6 | 53.8] 51.4 | 49.3 | 47.5 | 36.0 
68.9 | 64.8 | 61.4] 58.4 | 55.9] 53.1) 50.6) 48.7/ 46.8] 45.1) 34.4 
8% .. | 73.2] 68.9} 64.9 | 61.4] 58.4}55.9] 53.1) 50.0] 48.7] 46.8] 85.4 
67.9 | 63.8 | 60.6] 57.6] 54.9] 52.5 | 50.0] 48.0] 46.1 | 44.4 | 34.0 
8% ..| 72.0] 67.9] 63.8 | 60.6 157.6 | 54.9 | 52.5 | 50.81 48.0 | 46.0] 35.0 
67.1] 638.2}.59.7 | 56.8 | 54.2)]51.6 | 49.3 | 47.3] 45.5 | 43.7 | 33.4 
9 ....|-71.2 | 67.1 | 63.2] 59.7 | 56.8 | 54.2] 51.6) 49.3 | 47.2 | 45.5 | 34.5 
66.1] 62.3] 58.9|56.1153.6] 51.0] 48.7 | 46.8 | 44.9 | 43.1 | 33.0 
10... | 64.1] 60.3] 58.6] 53.8 | 51.21 48.9 | 46.6] 44.5 | 42.61 41,0] 31.1 
59.7| 56.1] 52.9] 50.6 | 48.3 | 45.9 | 44.1 | 42.2 | 40.5 | 38.9 | 29.7 


erally 5 or 6 in. in depth, a cushion coat of either a lean mor- 
tar or dry sand is spread to a thickness varying from % to 
1144 in., depending upon the grade and crown of the street. 
Fig. 2 shows a section of street where block pavement is 
used. 

The object of a cushion coat is to absorb the shock of 
impact applied by horses or vehicles passing over the blocks. 
The joints between the blocks should be filled with any one 
of the following fillers: tar, asphalt, a mixture of the two, or 
sand. The most common and least expensive filler used 
is sand, but a tar filler is and has been used with great suc- 
cess in St. Louis and other cities. ; 

The best practice, however, in laying wood blocks is to 
lay them with tight joints. This is done by laying a plank 
alongside of every tenth transverse row or so, and hammer- 
ing the blocks into straight lines and as close together as 
possible. It is obvious that this method of laying demands 
even more or heavier expansion joints than the open method. 
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The customary method of laying expansion joints is to 
place a strip- of wood 1 by 6 in. directly against the curb, 
and resting, edge down, on the sand cushion. The blocks are 
then laid against this strip of wood. When the street hag 
been paved from curb to curb, these strips are removed, and 
the remaining space filled with some tar or bituminous com- 
pound which has been prepared for the purpose. 


Fig. 2. Section of Street Paved with Creosoted Wood Blocks. 


These transverse joints alone are not sufficient to guar- 
antee a good street. Expansion along the short axis of the 
block or in the direction of the street (longitudinally) must 
be provided for. The fact that the expansion of the blocks 
is less in this direction than across the street, as was just 
shown, makes it necessary to provide only occasional trans- 
verse joints. Common practice uses a 1-in. joint at 100 or 200- 
ft. intervals, depending somewhat upon the grade and other 
local factors. 


CONCRETE PAVEMENTS 


An analysis of the vital points which unite to produce a 
satisfactory concrete pavement, might result in’ the following 
divisions: 

1. A thoroughly compacted sub-foundation, cleared from 
any material which may afterward change its shape or con- 
dition. 

2. A porous, well-drained foundation, rolled or thoroughly 


compacted to receive the concrete base-slab. 
3. A base-slab of first-class Portland cement concrete of 


a thickness sufficient to stand the type of traffic common to 


the street. 
4, A wearing surface or layer of concrete composed of a 
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standard quality of Portland cement and carefully selected 
aggregates. 

5. An elastic membrane coating to prevent chipping and 
to reduce glare. 

6. Use only the best quality of clean, carefully selected 
and graded materials, and see that the workmanship is in 
keeping with the materials. 

Various types of concrete pavements are in use today, 
some of which are patented. In the more common methods 
of construction, the mixed concrete is laid in blocks or sec- 
tions and finished at once, or a thoroughly rolled body of 
stone is flushed with a thin cement grout and rolled down 
to a solid and compact mass. In other types, a special top 
dressing of tar and sand is used. There is one instance on 
record where the pavement consists of 2-in. concrete cubes 
laid in a bed of sand on a rolled stone foundation. The cracks 
between the blocks are swept full of sand. This produces 
a very cheap form of pavement, and its wearing qualities are 
watched with interest. Where the wear is not excessive, the 
top layer of concrete is often omitted, and the base layer 
troweled to a smooth finish. 


rou GRANITOID 
134 eee 


oS /, RIK TITER 

Se END, GRAVEL, STONE oC heen 
* FACING FOUNDATION IN CASE OnIGUAn 

S¢ CONCRETE: = or OTHER HEAVY SOIL 


Fig. 3. Standard Section of Blome Granitoid Pavement. 


Where the soil is sandy or composed largely of gravel, 
the concrete base may be laid without additional founda- 
tion. Otherwise a layer of compacted and flooded sand, 
gravel, or stone must be used, as shown in Fig. 3. Expan- 
sion joints are cut through blocking and surface, both at the 
sides of the pavement and extending across the width. These 
joints are filled with a patented preparation. The surface 
is finally finished by grooving with special apparatus, so that 
a paving block effect is produced. The grooves form rec- 
tangles about 414 inches by 9 inches in size. 

The Rudolph S. Blome Company recommends the follow- 
ing mixtures of concrete for use in bases and wearing sur- 
faces: The base to be composed of 1 part Portland cement, 
3 parts sand, and 4 parts crushed limestone, trap rock, or 
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clean gravel. Stone shall be clean and not more than 14% 
inches nor less than % inch in any dimension. Concrete to 
be machine-mixed, and shall be mixed at least five times 
before removal from the mixer. The wearing surface to be 
composed of 2 parts Portland cement and 3 parts clean crush- 
ed granite, trap rock, hard stone, boulders, or gravel, with 
all dust removed. Fifty per cent of this crushed material 
should be 14-inch in size; thirty per cent 1%-inch in size; 
and twenty per cent 1/16-inch in size. The Blome pavement 
consists of a 514-inch layer of concrete base, laid on a rolled 
and prepared bed and covered with a 1%4-inch wearing coat 
of richer concrete. 


A form of concrete pavement patented by the Hassam Pav- 
ing Company is laid in the form of a grouted macadam street. 
The sub-grade is thoroughly compacted and covered with a 
layer of broken stone to a depth of 6 inches. This layer 
of stone conforms to the grade and contour of the street in 
such a manner that a constant thickness is maintained at all 
points. This layer of stone is then thoroughly rolled down 
to place, and grouted with a 1:2 Portland cement and sand 
grout. All voids in the layer of stone are filled with the grout, 
and the mass rolled with a heavy roller until the grout 
flushes to the surface at all parts. A thin finishing coating 
of pea stone is then spread on the top of this base, and- 
grouted and rolled as before. 


An interesting type of concrete pavement is found at Ann 
Arbor, Michigan. This pavement is constructed by the ordi- 
nary mixing and depositing method, and consists of a base 
layer 5 inches thick, composed of a mixture of 1 part Port- 
land cement and 8 parts sand and gravel, covered with a 
top layer 2 inches thick, composed of a 1:2 mixture of Port- 
land cement and sand. When the concrete is partially set 
and is dry, a thin coating of tar, or other product of similar 
nature, is spread over the surface of the pavement. Before 
this tar is dry, it is covered with a uniform layer of clean, 
sharp sand. All joints are filled flush with the pavement 
surface with pitch or tar and sand. It is stated that this 
form of concrete pavement is proving very satisfactory. The 
color is such that glare is done away with, since the pave- 
ment resembles street asphalt. Noise and reflection of heat 
are lessened; expansion joints disappear from view, and are 
protected on the edges from chipping; and should cracks 
appear in the pavement surface, they can easily be hidden by 
an application of the tar and sand. 

During the construction of concrete pavements, too great 
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care cannot be taken to see that each step in the process 
is finished in a complete manner. The subsoil should be 
properly shaped, graded, and compacted by rolling with a 
roller weighing not less than 10 tons. All old timbers and 
similar matter should be removed, all soft spots filled with 
sand or gravel, and a properly drained and compacted bed 
prepared to receive the base. The concrete may be hand- 
mixed where the size of the job will not warrant the use of 
a mixer. Machine-mixed concrete will generally be of a 
better quality. The consistency of the mixture should be 
fairly dry, but wet enough so that the mortar will come to 
the surface by ramming slightly. The operation of mixing 
and placing both the base concrete and wearing surface 
should be carried on as quickly as possible. In some in- 
stances a strip is laid across the whole width of a street, 
and in others only in the center. The wearing coat ‘should 
be placed before the base has had time to set, and finished 
by grooving or brushing as soon as it is hard enough. Where 
joints are to be made between concrete which has set and 
new work, care should be taken to see that the old work 
is clean, that it presents a vertical surface at the joint, 
and that it is thoroughly wet. 

The use of expansion joints at the curbs and across the 
roadway at intervals of about 25 feet, is common practice. 
The curb joints are about 1 inch in thickness, while those 
crossing the pavement are about 14 inch wide. This joint 
extends clear through the concrete, and is filled with an 
asphalt or tar filler. Half way between these 25-foot ex- 
pansion joints, there should be a contraction joint. This 
contraction joint is only about % inch in width, and extends 
clear through the concrete. Curbs should be placed before 
any pavement work is commenced. 

TABLE 4 
Offsets for Crowning Streets of Various Widths 
——— a aaa 
Width: of \| Distance Distance | , 


Roadwa from Vertical from Vertical 
ieee Crown Center of Offset Center of Offset 
Curbs Roadway Roadway 
Feet Inches Feet Inches Feet | Inches 
24 3 4 3 8 13. 
30 4 5 4-9 10 1 7-9 
36 5 6 5-9 12 2 2-9 
48 6 8 % 16 24% 
' 60 8 10 8-9 20 3 5-9 
pal eM a a ae AUS lr ee eee 


Table 4, taken from data published by the Atlas Port- 
land Cement Company, shows a method for producing the 
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crown or curve to a pavement, necessary for proper drainage 
to the curbs. Longitudinal drainage will have to be pro- 
vided either by grading the street or by changing the crown 
at intervals. A longitudinal grade of 4 inches in 100 feet 
of length of pavement should carry away water from a con- 
crete pavement. 

The scheme in connection with Table 4 is to lay out a 
template or line of stakes by first locating a level line at 
the proper height of the center of the finished pavement 
above the curbs; then dividing the distance between the 
center of the street and curbs into thirds, and laying off 
a certain ordinate or vertical distance downwards from the 
reference line. For instance, in the case of a 24-foot roadway 
with a 3-inch crown, the two stakes to be driven or points 
to be located on a template at the one-third points near the 
center of roadway, should be placed at a distance of 14-inch 
below the level string or straight edge of board. Likewise 
the points on the two-thirds points should be located 1% 
inches downward from the reference line. : 

In connection with the details of construction in the case 
of ordinary concrete pavements, it may be well to refer to 
the proportions commonly adopted, use of expansion and con- 
traction joints, etc. Proportion used in mixing the con- 
crete base vary from a 1:2:5 mixture up to a 1:3:7 mix- 
ture, depending upon the nature of the traffic. A 1:3:6 mix- 
ture is claimed to give a good foundation in ordinary cases. 
The thickness of a base composed of this mixture should be 
5 or, better, 6-inches. 

The wearing surface may be of a 1:2 mixture of cement 
and sand, or a combination of cement, sand, and fine crushed 
rock. Several mixtures of this nature are referred to in this 
art cle, and it is claimed that they are giving satisfaction. 


PROPOSED REVISED STANDARD SPECIFICATIONS FOR 
CONCRETE ROADS AND STREET PAVEMENTS 


Presented to the National Association of Cement Users, De- 
cember, 1912 


MATERIALS 


1. Cement. The cement shall meet the requirements 
of the Standard Specifications for Testing Materials, and 
adopted by this Association (Standard No. 1). 

2. Fine Aggregate for Concrete. Fine aggregate shall 
consist of sand, crushed stone, or gravel screenings grade 
from fine to coarse, and passing, when dry, a screen having 
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¥%4-in. diameter holes; shall be preferably of silicious mate- 
rial, clean, coarse, free from dust, soft particles, loam, vege- 
table or other deleterious matter; and not more than 3 
per cent shall pass a sieve having 100 meshes per linear 
inch. Fine aggregate shall be of such quality that mortar 
composed of 1 part Portland cement and 3 parts fine aggre- 
gate, by weight, when made into briquettes, will show a ten- 
sile strength at least equal to the strength of 1:3 mortar of 
the same consistency made with the same cement and Stand- 
ard Ottawa sand. In no case shall fine aggregate containing 
frost or lumps of frozen material be used. 


3. Aggregate for Wearing Course. The aggregate shall 
consist of screened gravel or stone screenings from granite 
or other close-grained durable rock, sufficiently hard to 
scratch glass, free from loam or other deleterious matter, 
mixed in the proportion of 3 parts passing a 1%4-in. ring and 
retained on a screen having 14-in. diameter holes and retained 
on a screen having 50 meshes per linear inch. In no case 
shall aggregate for wearing course containing frost or lumps 
of frozen material be used. 


4. Coarse Aggregate for Concrete. Coarse aggregate 
shall consist of inert materials such as stone or gravel, 
graded in size, retained on a screen having %4-in. diameter 
holes; shall be clean, hard and durable, free from dust, vege- 
table, or other deleterious matter, and shall contain no soft, 
flat, or elongated particles. In no case shall coarse aggre- 
gate, containing frost or lumps of frozen material be used. 
The maximum size of the coarse aggregate shall be such 
as to pass a 1%%-in. ring. 

5. Natural Mixed Aggregate. Natural mixed aggregates 
shall not be used as they come from deposits, but shall be 
screened and remixed to agree with the proportions speci- 
fied. 

6. Sub-Base. Only clean, hard, suitable material, not 
exceeding 4 in. in the largest dimensions, shall be used. 

7. Water. Water shall be clean, free from oil, acid, al- 
kali, or vegetable matter. 

8. Coloring. If artificial coloring matter is required, only 
mineral colors shall be used. 

9, Reinforcing Metal. The reinforcing metal shall meet 
the requirements of the Standard Specifications for Steel 
Reinforcement adopted March 16, 1910, by the American Rail- 
way Hngineering Association. 
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SUB-GRADE 


10.. Section. The subgrade shall have a rise at the center 
of not more than 1/100 the width of the pavement. 

11. Depth. (a) The subgrade shall not be less than 
12 in. below the finished surface of the pavement. 

(b) The subgrade shall not be less than 6 in. below the 
finished surface of the pavement. 

12. Preparation. All soft and spongy places shall be re- 
moved, and all depressions filled with suitable material which 
shall be thoroughly compacted in layers not exceeding 6 in. 
in thickness. 

13. Deep Fills. When a fill exceeding 1 ft. in thickness 
is required to bring the pavement to grade, it shall be made 
in a manner satisfactory to the engineer. 

14. Drainage. When required, a suitable drainage sys- 
tem shall be installed and connected with sewers or other 
drains indicated by the engineer. 

Note—When a sub-base is required, eliminate Paragraph 
11-b. When sub-base is not required, eliminate Paragraph 6, 
1i-a, 15, and 16. Unless 11-a is eliminated, 11-b is void. 

15. Thickness. On the sub-grade shall be spread a ma- 
terial as hereinbefore specified, which shall be thoroughly 
rolled and tamped to a surface at least 6 in. below the fin- 
ished grade of the pavement. 

16. Wetting. While compacting the sub-base, the material 
shall be kept thoroughly wet, and shall be in that condition 
when the concrete is deposited. 


FORMS 


17. Materials. Forms shall be free from warp and of 
sufficient strength to resist springing out of shape. 

18. Setting. The forms shall be well staked or otherwise 
held to the established lines and grades, and their upper 
edges shall conform to the established grade of the pave- 
ment. 

19. Treatment. All wood forms shall be thoroughly 
wetted and metal forms oiled before depositing any mate- 
rial against them. All mortar and dirt shall be removed 
from forms that have been previously used. 


EXPANSION JOINTS 


20. Width and Location. Expansion joints not less than 
% in. nor more than ¥% in. in width shall be placed across 
the street or road, not more than 25 ft. apart. When a 
curb or combination curb and gutter is used, a %-in. joint 
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shall be placed between it and the pavement. All expan- 
sion joints shall extend through the entire thickness of the 
pavement. 

21. Joint Filler. The expansion joint filler for open joints 
shall be a suitable bitumen that will not become soft in 
hot weather or hard and brittle in cold weather. Expansion 
joints may also be formed by inserting during construction, 
and leaving in place, a total thickness of %4 in. of tarred 
paper or tarred felt. 

22. Protection of Edges. When required by the engineer 
in charge, the concrete at the expansion joints shall be pro- 
tected with metal. Unless protected by metal or filled with 
tarred paper or felt, the upper edges of the concrete shall 
be rounded to a radius of % in. 


MEASURING AND MIXING 


23. Measuring. The method of measuring the materials 
for the concrete, including water, shall be one which will 
insure separate uniform proportions at all times. A sack of 
Portland cement (94 pounds net) shall be considered 1 cu. ft. 

24. Machine Mixing. When the conditions will permit, a 
machine mixer of a type which insures the uniform propor- 
tion of the materials throughout the mass, shall be used. 
The ingredients of the concrete or mortar shall be mixed 
to the desired consistency, and the mixing shall continue 
until the cement is uniformly distributed and the mass is 
uniform in color and homogeneous. 

25. Hand Mixing. When it is necessary to mix by hand, 
the materials shall be mixed dry on a water-tight platform 
until the mixture is of uniform color, the required amount 
of water added, and the mixing continued until the mass 
is of uniform color and homogeneous. 

26. Retempering. Retempering, that is, remixing mortar 
or concrete that has partially hardened, with additional water, 
will not be permitted. 


TWO-COURSE PAVEMENT 
Base ‘ 


27. Proportions. The concrete shall be mixed in the pro- 
portion of 1 sack Portland cement, 21% cu. ft. fine aggre- 
gate, and 5 cu. ft. coarse aggregate. 

28. Consistency. The materials shall be mixed with suf- 
ficient water to produce a concrete of a consistency such that 
mortar will flush to the surface under light tamping, but 


698 RADFORD’S ESTIMATING AND CONTRACTING 


which can be handied without causing a separation of the 
coarse aggregate from the mortar. 

29. Placing. After mixing, the concrete shall be handled 
rapidly into place and successive batches deposited in a 
continuous operation, completing sections between expansion 
joints without the use of intermediate cross-forms or bulk- 
heads. Concrete shall not be used that has partially hard- 
ened. The concrete shall be well tamped to a surface the 
thickness of the wearing surface below the established grade 
of the pavement. Workmen shall not walk on freshly laid 
concrete; and if sand or dust collects on the base, it shall 
be removed before the wearing course is applied. 

30. Reinforcing. On streets more than 20 ft. wide not 
having car tracks, the pavement shall be reinforced with 
wire fabric or with plain or deformed bars. The cross-sec- 
tional area of metal shall amount to at least 0.041 sq. in. per 
foot measured parallel to the axis of the street, and at 
seast 0.025 sq. in. per foot measured perpendicular to the 
axis of the street. The reinforcing metal shall be placed 
upon and slightly pressed into the concrete base immediately 
after the base is placed. Reinforcing metal shall not cross 
expansion joints, and shall be lapped sufficiently to develop 
the strength of the metal. 


WEARING COURSE 


31. Proportions. The mortar shall be mixed in the man- 
ner hereinbefore specified in the proportion of 1 sack Port- 
land cement and not more than 2 cu. ft. of aggregate for 
wearing course. 

32. Consistency. The mortar shall be a consistency that 
will not require tamping, but which can be easily spread 
into position with a template or straight-edge. 

33. Thickness. The wearing course of the pavement in 
residence districts shall have a minimum thickness of 1% 
in., and in business districts a minimum of 2 in. in thick- 
ness. 

34. Placing. The wearing course shall be placed immedi- 
ately after mixing, and in no case shall more than 50 min- 
utes elapse between the time the concrete for the base is 
mixed and the time the wearing course is placed. 

35. Finishing. After the wearing course has been brought 
to the established grade with a template or straight-edge, 
it shall be worked with a wood float in a manner to thor- 
oughly compact it and produce a comparatively smooth sur- 
face, free from depressions or inequalities of any kind. The 
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finished surface of the concrete shall not vary more than 
% in. from a 2-ft. straight-edge placed upon the concrete in 
any position. 

36. Coloring. If artificial coloring is used, it must be 
incorporated with the entire wearing course, and shall be 
mixed dry with the cement and aggregate until the mix- 
ture is of uniform color. In no case shall the amount of 
coloring used exceed 5 per cent of the weight of the cement. 


ONE-COURSE PAVEMENT 


The general requirements of the specifications covering 
two-course work will apply to one-course work, with the fol- 
lowing exceptions: 

37. Proportions. ‘The concrete shall be mixed in the pro- 
portion of 1 sack Portland cement to not more than 2 cu. ft. 
of fine aggregate (paragraph 2) or aggregate for wearing 
course (paragraph 3), and 3 cu. ft. of coarse aggregate pass- 
ing a 1l-in. ring. 

38. Placing and Finishing. The concrete shall be placed 
and finished as provided for under “T'wo-Course Pavement,” 
“Base” and “Wearing Course” respectively. 

39. Reinforcing. When a one-course pavement is rein- 
forced, the metal shall be placed at the middle of the sec- 
tion. The minimum amount of metal shall be as specified 
under ‘“Two-Course Pavement.” 


Crown 

40. Amount. All types of concrete pavement shall be 
given a rise or crown at the center of at least 1/100, but 
not more than 1/75, of the width of the pavement. A _ por- 
tion of this crown may be obtained by increasing the thick- 
ness of the pavement at the center rather than by laying a 
pavement of uniform thickness on a crowned subgrade or 
sub-base. 

Protection 


41. Treatment. As soon as the concrete has hardened 
sufficiently to prevent being pitted, the surface of the pave- 
ment shall be sprinkled with clean water and shall be kept 
wet for at least 4 days. Concrete pavement on roads shall 
be covered as soon after finishing as it is possible to do 
go without damaging the surface, with at least 2 in. of dirt, 
which shall be kept wet for at least 4 days. Before cover- 
ing with dirt, the pavement shall be sprinkled with water 
as above specified. The pavement shall not be open to traffic 
until the engineer so directs. 
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42. Temperature Below 35 Degrees. If at any time dur- 
ing the progress of the work the temperature is, or in the 
opinion of the engineer will, within 24 hours drop to 35 
degrees F., the water and aggregates shall be heated and 
precautions taken to protect the work from freezing for at 
least 5 days. In no case shall concrete be deposited upon a 
frozen subgrade or sub-base. 


Shoulders 


48. Construction. On streets where the pavement does 
not occupy the full width of the street, and on roads, a 
gravel or crushed stone shoulder at least 2 ft. wide shall 
be constructed on each side of the pavement. The surface of 
the shoulders shall have a slope away from the pavement of 
1% in. per foot, and a thickness for the 2-ft. width adjoin- 
ing the concrete, at least equal to the minimum thickness of 
the concrete. 


Wearing Surface Bitumen and Fine Aggregate 


44. Construction. Where a wearing surface of bitumen 
and fine aggregate is used, it shall preferably be placed 
upon a one-course pavement, constructed as hereinbefore 
specified, but may be used also on two-course work. 

45. Expansion Joints. Before applying the bitumen to 
the concrete, all open expansion joints shall be filled as here- 
inbefore specified. Where required by the engineer in charge, 
concrete at the expansion joints shall be protected with metal. 

46. Bitumen. The bitumen shall be of a quality speci- 
fied by the engineer. 

47. Placing Wearing Surface. After the concrete has 
hardened for at least 7 days, the thoroughly cleaned dry 
surface of the pavement shall be covered with hot bitumen 
applied with a sprinkling wagon designed for the purpose, 
or with suitable hand-sprinkling cans. The hot bitumen 
shall immediately be evenly distributed over the concrete by 
brushing with suitable brooms, and then covered with the 
requisite amount of fine aggregate (paragraph 38). 

48. Amount of Bitumen and Fine Aggregate. Approxi- 
mately % gallon of bitumen shall be applied per sq, yd of 
pavement and approximately 1 cu. yd. of fine aggregate shall 
be applied per 150 sq. yds. of pavement. 


Protection 


49. Open to Traffic. The pavement shall not be open 
to traffic until the engineer so directs. 
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Concrete Pavement Calculations 


The accompanying data, taken from a pamphlet on “Con- 
crete Pavements, Sidewalks, Curb, and Gutter,’ published 
by The Universal Portland Cement Co., will be useful in de- 


Width of Concrete 


4 inch thick multiply area in square yards by 4/86,.or .........cceceeeeeeucs ...0.11T11 
5 inch thick multiply area in square yards by 5/36, dr :......... 0... ce cece eens 0. 13889, 
6 inch thick multiply area in square yards by 6/36, or ..... 0. .cecceeceeecees 0. 16667 
7 inch thick multiply area in square yards by 7/36, or ...............0eseeeeee 0.19444 
8 inch thick multiply area in square yards by 8/36, or............s.ceceesecece 0, 22222 
114 inch thick multiply area in square yards by 1/24, or ...........ccececseceeee 0. 04167 
2 inch thick multiply area in square yards by 1/18, or ...........0..eceeeeeees 0.05556 

Assuming 1 sack cement = 1 cu. ft., 1 cu. yd. of concrete requires: 

Mixture Bbls. Cement Cu. Yds. Sand Cu. Yds. Gravel 

1:14:33 1.91 0.42 0.85 

123 1.74 0.52 0.77 

1:2 4 1,51 0.45 0.89 

12445 1.24 0.46 0.92 

13 1.16 0. 52 0.86 

1:14 3.87 0.86 

1:2 8.21 0.95 

Examples 


Example No. 1: Road or pavement 1500 feet long, 18 feet wide, one-course, 7 inches 
thick, mixture 1:114:3. 


15 (length in hundred feet) 200 (number of square yards per 100 feet length) 0.19444 
(number of cubic yards per square yard area) = 583.32 cubic yards of concrete. 


1,91 = 1111 barrels cement 


583.32 {0.42 = 245 cubic yards sand 
0.85 = 496 cubic yards gravel 


Example No. 2: Road or pavement 1500 feet long, 18 feet wide; two-course; base 6 
inches thick, mixture 1:3:5, top 114 inches thick, mixture 1:1). 


15 x 200 x 0.16667 = 500.01 cubic yards 
4.16 = 580 barrels cement 


500.01 4 0.52:°= 260 cubic yards sand 
0.86 = 430 ‘cubic yards gravel: 


Top— : 
15 x 200 x 0.04167 = 125.01 cubic yards 
' {3.87 = 484 barrels cement 
125,01 4 9.86 = 108 cubic yards sand 


Total— 
580 +- 484 = 1064 barrels cement 
260 +108 = 368 cubic yards sand 
430 + 0 = 430 cubic yards gravel 
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termining quantities of materials needed wherever concrete 
is used as a pavement, or as a base for other pavement mate: 
rials. The table of mixtures and quantities given in the 
section on Concrete Construction in another part of this vol- 
ume, will also be of service. 


ASPHALT PAVEMENTS 


As commonly understood, the term “asphalt pavement” 
.means a pavement composed of sand or crushed stone held 
together by a binder of asphalt. In America the term is 
ordinarily applied to a comparatively thin layer of sand 
held together by asphalt, and laid upon a bed of concrete. 


Construction of Asphalt Pavements 


The concrete base for an asphalt pavement should consist 
of a mixture of 1 part Portland cement, 2 to 3 parts sand, 
and 5 to 6 parts of broken stone, depending upon the degree 
of richness desired. For heavy city traffic, the concrete base 
is usually 6 in. thick, while for light traffic it is sometimes 
made 4 in. thick. The proper thickness will depend upon 
the kind of traffic, the mixture of concrete used, and the bear- 
ing power of the soil upon which the pavement is placed. 

Sometimes an old pavement of broken stone, brick, or 
cobblestones is used as a foundation for an asphalt pavement. 
Such foundations give good results when care is taken that 
the surface is perfectly clean and dry when the asphalt wear- 
ing coat is laid. 

When placing a coating of asphalt upon a concrete foun- 
dation, care should be taken to see that the concrete is thor- 
oughly dry before the asphalt mixture is put in place, since 
the generation of steam caused by placing hot asphalt on a 
damp concrete base will produce blisters and disintegration 
_of the wearing coat. 

The binder course consists of a layer about 1% in. thick, 
of broken stone cemented together with asphaltic paving 
cement, and rolled in place while hot. The object of this 
binder course is to hold the top wearing coat and the foun- 
dation or base together. 

The broken stone used in this course is screened so as 
to pass a 1-in. mesh screen; and after being heated, not more 
than 5 or 10 per cent should pass a No. 10 screen. 

The asphaltic cement is the same as that used for the 
wearing coat, except that it is mixed much softer before 
application. Each cubic foot of stone in the binder course 
requires about seven pints of cement for satisfactory _re- 
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sults. Each fragment of stone should be thoroughly coated 
with the cement, and all of the cement should be used. 


The binder course is sometimes omitted, and a thin cush- 
ion coat used in its place. This cushion coat is usually from 
% to 1 in. thick, and composed of material of the same com- 
position as the wearing coat, except that it contains a little 
more cement. 


The wearing coat, or top coat, is composed of sand and 
asphaltic cement in about the proportions of 10 parts of ce- 
ment to 90 parts of sand. The sand should be clean and 
sharp, and composed of grains not easily crushed and of 
varying size. Enough asphaltic cement should be used to fill 
the voids in the compacted sand so as to hold the sand to- 
gether to the best advantage; but only enough cement to 
fill the voids should be used. 

In laying the wearing coat, the mixed cement and sand is 
brought to the work in wagons or carts at a temperature of 
about 280° F. It is dumped upon the binder or cushion course, 
and evenly spread over the surface with rakes or shovels. 
Care should be taken to see that no foreign material is mixed 
in with the paving mixture. The depth of this wearing coat. 
should be such that the thickness after rolling will be about 
2 in. The amount of compression during rolling is usually 
to about three or four tenths of the thickness of the mixture 
when first deposited. 

The first compression of the mixture is made with hand- 
rollers and tamping irons. Gutters, joints, and all edges and 
angles which cannot be reached with the rollers, should be 
finished by hand with hot tamping and smoothing irons. 

After the first compression is given, some material such 
as natural hydraulic cement should be dusted over the sur- 
face of the asphalt so as to give it a pleasing color, and to 
prevent adhesion of the roller during the second compression. 
The second compression is made by use of a steam roller 
weighing about 5 or 6 tons, followed by a roller weighing 
10 or 12 tons in some cases. Often the 5 or 6-ton roller 
is the only one used. For wide streets, the pavement should 
be rolled across the street as well as lengthwise, and the 
rolling should be kept up until the roller leaves no mark in 
the material. The final rolling usually requires about 5 hours. 
for each 1,000 sq. yds. of paving surface. 

The top of the binding coat should also be perfectly dry 
when the wearing coat is laid, to prevent the formation of 
steam as already referred to. 
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COBBLESTONE PAVEMENTS 


Records of the cost of laying cobblestone pavement in 
the city of Baltimore, Md., show results which are tabulated 
in Table 6. 

TABLE 6 


Cost of Cobblestone Pavements 
Baltimore, Md. 


Cost PER 
SQuakRE YARD 


Stones at $1.60 per perch of 2,800 lbs............ $0.29 
Paving sand at 60 cents per cu. yd., delivered.... .20 
Labor laying and ramming: 


1 Foreman at $3.00 for 8 hrs.......$ 3.00 
4 Pavers at $3.00 for 8 hrs......... 12.00 
2 Rammers at $2.00 for 8 hrs....... 4.00 
6 Laborers at $1.66 for 8 hrs....... 10.00 


——, 


Total for 200 sq. yds:...........$29.00 14 


Total cost per sq. yd., exclusive of ad- 
ministration, tools, and profits...... $0.63 


COMPARATIVE VALUES OF DIFFERENT PAVEMENTS 


Table 7 shows the results of an investigation by the 
United States Department of Agriculture, of the subject of 
wood paving in the United States. 


TABLE 7 
Comparative Values of Different Pavements 
- : Creo- 
Pavement qualities. Percent- Gran- Asphalt Mac- soted 
age. ite. (sheet). Brick. adam. wood. 
Cheapness (first cost).....:. 14 4.0 6.5 7.0 14.0 4.5 
DUPaDiNty ec. cries e teeters Wels: 20 20.0 10.0 12.5 6.0 14.0 
Ease of maintenance ee!) 9.5 7.5 8.5 4.5 9.5 
Ease of cleaning............ 14 10.0 14.0 12.5 6.0 14.0 
Low. traction resistance.....«.° 14 8.5 14.0 12.5 8.0 14.0 
lyreedom from slipperiness 
(average of conditions).. 7 5.5 3.5. 5.5 6.5 4.0 
Favorableness to travel...... 4 2.5 4.0 2.0 3.0 3.5 
Acceptability © occ .ncckess 4 2.0 3.5 2.5 2.5 4.0 
Sanitary quality _ 18 9.0 13.0 10.5 4.5 12.5 
Total number of points... 100 71.0 76.0 74.5 55.0 80.0 
Average cost per square yard, 
Wal) VOO5) Saves eviews! eis tig. yee $3.26 $2.36 $2.06 $0.99 $3.10 


Favorableness to travel is dependent chiefly upon smoothness and freedom from 
dust and mud, secondarily upon the qualities composing “Acceptability.” 

Acceptability includes noise, reflection of light, radiation of heat, emission of 
unpleasant odors, etc. It chiefly concerns the pedestrian and the adjoining resident. 

Cost per square yard includes concrete,’ but met excavation, curbing, ttc.; ex- 
eept for macadam, which is not usually laid. on concrete. 
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COST OF STREET IMPROVEMENTS - 


Valuable cost data for contractors in street improvement 
work are found in the annual report of the Chief Engineer 
of the Board of Estimates and Apportionment of New York 
City for 1910. 

Table 8 gives the unit-prices used for estimating pur- 
poses by the engineers of the five boroughs composing Greater 
New York. These prices are averages figured on the basis 
of all estimates submitted between May 21 and December 31, 
1910. 


TABLE 8 
Unit-Prices of Street Improvement Work in New York City 


Borovucus 

IteMs | ——— | ——— | ——__ | —— 

Man- | Brook-| The Rich- 

> hattan| lyn | Bronx| Queens| mond 
Sheet asphalt,* per sq. yd.....| .... |$0.95 |$1.55 | ..... 
Asphalt block,* per sq. yd.. .. ./$2.50 | 1.70 | 1.90 | $1.80 
Granite block,* per sq. yd.....} .... | 2.75 | 2.30 |] ..... 
hWoodemblock.“ per sda yder-a| ci cen meee mallet oe) a|W eens niees 

Bituminous macadam, per sq. 

Sa toe Seta MIM oo Se Pe re RIP OD |e ahr Sekar 
Concrete, per cu. yd.......... 6.00 | 5.05 | 6.20 | 5.90 |$6.00 
Earth excavation, per cu. yd. .| 1.00 42 .30 Ares) .59 
Rock excavation, per cu. yd...|/ 2.00 | .... | 1.60 3.00 hate 
Filling, per cu. yd............] .60 AT 3) ASP eniths 
Cement curb, per lin. ft.......| .... SU? Pes ae 1.00 .60 
Bluestone curb, per lin. ft.....| 1.00 | 1.00 .85 .90 | 1.00 
Cement walk, per sq. ft.......] .... Ae aa D2a\A Eas 
Bluestone flagging, per sq. ft..| .30 .28 .28 .28 
Bridgestone, per sq. ft........ oe Gifs .60 ns 
Engineering and inspection, 

jae s Wh Gola GamnpwOneDebe 4.8 4.5 9.2 5:0 9.7 


*Excluding concrete base. 

It will be noticed that the unit-prices for what is apparently 
the same kind of work in the different boroughs show a wide 
range of variation. These different prices cannot be due 
entirely to varying conditions, but are probably owing to dif- 
ferent standards of work. 

MISCELLANEOUS PAVEMENT COSTS 

The following data as to the cost of asphalt and macadam 
roads, compiled by Mr. Edward F. Godfrey, will be of in- 
terest in connection with the subject of pavement costs. 
While the prices given are seen to vary from amounts given 
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in other places, such values should be used in the sense of a 
guide rather than as an exact figure for any given case. 

Stone blocks—on broken stone base, $1.50 to $2.00 per 
sq. yd. 


Stone blocks on concrete base, $2.00 to $3.50 per sq. yd. 


An analysis of the labor cost of stone block paving, based 
on data in “Engineering News,” is as follows: 


Cost of Block Paving 

Pes Sq. Yaz 

Loading and unloading, inclusive of lost team time. .$0.10 
Hauling’ I mile. <5 > <0 > See eas ied Saree = 05 
Distributing: blocks:, 7.4. .\:.<0 ee een ese ee oe ote :7 DS, 
LGYiING ewes eeute Soule wns Srenkee Mee ote dR s.. Se 
PRUE JOM: oo 5s st ee ee ee ee be ie ad ak oa » 06 
Foreman at 40 cts. per hr., 30 BY yan cs SU Ge 13 
Two water and errand heys PEPE d 5 Se cae hs Se 07 
otal lebGk: ace «-- cee we Des ot 5 Baer ee ~. $0.50 

Cost of Medina Block Pavement 

Perr Sq. Yard 

1/3. cu. yd. stveet, excuvation. 2... ai Same cee wen es $0.15 
6 in. concrete foundation............ oo eeeee eed wae -50 
1-18 cu. yd. sand cushion in place at $1.08........... .06 
Medina block (6 in.) f. 0. b. Albion, N. Y............. 1.15 
Freight to. Rochester....ics<s ote chew he se eee 07 
Unloading, hauling and laying......... whee sw renee 
1.5 gallows tar’al 10 tthe gallowsose cco 15 
1-50 cu. yd. sand for joints...... SE SS ee Ree) 
Totaliettesacth Pe nett dds UE Weve kv heh cue ee Daa 


Add fot coutractor’s prufif. ... 6.0. cvevcevincus. BD 
Totalicost ace. sees eh ge Ey ig PNG Te ET 


Asphalt—In 44 cities in North America, the cost of asphalt 
paving, including 4 to 6 in. of concrete, varied between $1.43 
and $3.25 per sq. yd. It is estimated that the cost of guar- 
antee for the first five years is 3 cents per yard, and for the 
second five years is 15 cents per yard. The Congressional 


% 
\ 
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appropriation bill allowed $1.80 per sq. yd. to be paid for 
asphalt pavements in Washington, D. C. 

Asphalt block—$2.00 to $2.50 per sq. yd. 

The division of the cost of asphalt pavements is about 
as follows: 2% in. of surface, 67 cents per sq. yd.; 2 in. of 
binder, 13 cents per sq. yd.; 6 in. of Portland cement con- 
crete, $1.00. Total, $1.80 per sq. yd. 

Macadam—The actual cost, with stone free at the quarry, 
of laying macadam pavement (5-in. layer, large-sized stone, 
rolled; 2% to 3-in. layer of medium-sized stone, sprinkled 
and rolled; about %-in. of fine screenings, sprinkled and 
rolled) was 42 cents per square yard. The average weight 
of stone was 3 tons per sq. yd. 

Macadam, stone free at quarry, 8 in. depth, 40 to 50 cents 
per sq. yd.; including cost of stone, 8 in. depth, 60 to 90 cents 
per sq. yd.; 12 in. depth, 90 cents to $1.30 per sq. yd. 

Cobblestone—80 cents per sq. yd. 

Wooden blocks—4-in. creosoted yellow pine blocks on 1 in. 
of sand over 6 in. of natural cement concrete, $2.25 to $2.35 
per sq. yd. Cost of 4-in. creosoted yellow pine blocks, f. o. b. 
ears, about $1.70 per sq. yd. 

Brick—Brickwork only, 15 to 20 cents per sq. yd. 

Brick, 4 in. of brick on 3 in. of sand, 65 to 85 cents per 
sq. yd.; 4 in. of brick on 6 in. of natural cement concrete 
and 11%4-in. cushion of sand, $1.20 to $1.60 per sq. yd.; side- 
walks, 2 in. of brick on sand, 50 to 80 cents per sq. yd. 

City street paving—Cost of street paving in 30 cities in 
Wisconsin per sq. yd.: asphalt, $1.80 to $2.19; brick, $1.00 
to $2.19; macadam, 25 cents to $1.30; wood block, 60 cents 
to $1.97. 

All-concrete roadway paving has been found in several 
cities to cost 14 to 18 cents per sq. ft. At Jackson, Mich., 
some street paving having 3 in. of gravel, 6 in. of 1:8 ce- 
ment and gravel, 4 in. of 1:3 cement and 14-in. crushed gran- 
ite, mixed quite wet, cost 18 cents per sq. ft. 


Bridges and Culverts 


BRIDGES 


Classification of Bridges in General. A bridge is a struc- 
ture which furnishes a passageway from one side of an open- 
ing or depression to the other side. A bridge may be needed 
to cross a valley, gulch, stream, canal, road, or railway track. 
If the bridge is supported at the two ends only, it is said to 
be a bridge of one span, ‘and the end supports are called 
abutments; if the bridge has one or more intermediate sup- 
ports, it is a bridge of two or more spans, and the intermedi- 
ate supports are known as piers. The abutments and piers 
compose the substructure; and the remainder of the bridge, 
the superstructure. The superstructure may be of any one of 
several forms, and bridges are classified accordingly, as beam 
bridges, arch bridges, and suspension bridges. The difference 
in the types is in the manner in which the structures carry 
the loads that come upon them, and, consequently, in their 
external form. 

Beam bridges are described in the word beam, which sig- 
nifies a member under a bending stress, having compression 
in the top, and tension in the bottom. Beam bridges are the 
most generally used, and are particularly adapted for short 
spans, although the modern steel truss bridge is a beam 
bridge. 

Arch bridges carry the load in direct compression through: 
out the arch ring, and transmit the pressure downward and 
outward against the abutment. 

Suspension bridges are designed to support the loads that 
come upon them, by means of ropes or cables which are 
either fastened to the banks above the ends of the bridge, 
or laid over towers and anchored in the ground. This type of 
bridge has made it possible to span tremendous distances, but 
is not very desirable for ordinary lengths. 


Steel Bridges 


Use of Steel Bridges Trusses. Since 1854 the metal bridge 
truss has been in general use for all spans from 10 to 15 ft. 
up to several hundred feet. The huge Firth of Forth bridge 
in Scotland, and the Quebec bridge crossing the St. Lawrence 
river near Quebec, have spans of about 1,800 feet. 

Steel bridges may be considered as trussed beams. A truss 
is a.combination of members which take stresses in direction 
of their length only. Another definition, perhaps, is that a 
truss is a combination of tension and compression members. 
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Two or more trusses constitute a bridge. The trusses con- 
stituting a bridge are connected by a system of beams on 
which the load is carried. This is the floor system of the 
bridge, and has no purpose except to carry the loads to the 
trusses. 


Classes of Steel Bridges. Steel bridges, like beams, may 
be divided into continuous, simple, and overhanging. In the 
case of overhanging bridges, there may be one or both ends 
overhanging. Such bridges are called cantilever bridges, from 
the fact that the overhanging end is a cantilever. Other 
classes of bridges are the suspension, swing, rolling-lift, and 
trunnion-lift. 


Patt £; 
#2 Panel Leregtle 
WKezg Fost Queen Fost 
Howe Warrerz 


Fig. 1. Classes of Bridge Trusses. 


Probably 95 per cent of all steel bridges built are of the 
simple type—that is, having each end resting on a support. 
The simplest forms are the king-post and queen-post trusses 
(Fig. 1). Since the panel length—that is, the distance be- 
tween any two joints—is limited to about 20 ft., the greatest 
spans of these classes of bridges are 40 and 60 ft. respec- 
tively. 

Other classes of simple trusses are the Howe, Warren, 
Pratt, Camel Back, Baltimore, and Petit. The first three and 
the last were named after their inventors; the fourth, because 
of its humped back; and the fifth, because the Baltimore 
Bridge Works was it first builder. The camel back is fre- 
quently called the bowstring. 

The limiting economical span for a simple truss is be- 
tween 300 and 500 ft., according to the class. The Pratt is 
built to a greater extent than any of the others, probably 85 
per cent of all simple trusses being of the Pratt type. The 
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Petit and Baltimore are for long spans only—say from 250 
to 500 ft. The rolling-lift and trunnion-lift are the outcome of 
the attempt to do away with the old swing bridge cr draw- 
bridge. The latter was costly, and also had a pier in the 
center; and this, especially in narrow streams, was a great 
obstruction to navigation. 

The rolling- and trunnion-lifts have thelr foundations and 
supports on the banks, the full width of the stream being 
available for navigation. These bridges are balanced about 
their rolling or trunnion centers, by huge counterweights of 
cast-iron blocks or masses of concrete, and are opened or 
closed by a pull or push on the operating strut, whieh is usu- 
ally supplied with power from electric motors in a small 
house. 

Continuous bridges have the same objections as continuous 
beams. A slight settlement of the trusses causes the stresses 
to be greater than computed. They are not used in this 
country, except in a very few cases. 

Cantilevers and suspension bridges should be used for 
long spans only, or where their form offers ease of erection. 
They are very uneconomical for short spans. Their special 
use is for spans of about 500 to 1,800 ft. for cantilevers, and 
1,000 to 8,000 ft. for suspension bridges. 

In Fig. 1, the heavy lines indicate compression members, 
while the light lines indicate tension members. In simple 
trusses, the top chord is always in compression, and the 
bottom chord always in tension. 

In warm weather a steel bridge is slightly longer than in 
cold weather, and any change of temperature causes it to 
change in length. If both ends were fixed, the strusses in 
the bridge would change considerably from those computed 
on the basis of the loads, and may in extreme cases cause 
danger. One end should be fixed to the support, and the 
other end should either be on rollers or on a planed plate so 
that it may move backwards and forwards when the temper- 
ature changes. 

Cost of Bridge Steelwork. See section on “Steel Con- 
struction” for costs of fabrication and erection of steelwork. 

Cost of Painting Bridges. See section on “Painting.” 


CONCRETE BRIDGES 


Girder and Slab Bridges 


Girder and slab bridges are known as beam bridges ,and 
carry the loads which come upon them by their resistance to 
bending. They are extensively used for short spans and 
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for low, shallow crossings. These bridges are very interest- 
ing as examples of the advantages of reinforced concrete con- 
struction, because it is only the use of the steel reinforcement 
that makes it possible for them to resist the bending stresses 
which the applied loads and their own weight bring upon 
them. The reinforcement is only an assistance and improve- 
ment in the case of an arch bridge; in the case of a beam 
bridge, it is the essential feature. 


Fig. 4. Cross-Section of a Concrete Girder Highway Bridge. 


The difference between a girder bridge and a slab bridge 
of reinforced concrete, is shown by Figs. 4 and 5. 

The flat slab bridge is the simplest to design and con- 
struct, and also proves to be the most economical in materials 
when used for spans up to about 20 ft. For spans from 20 
to 35 ft. or thereabouts, the girder type is the best to use. 
Beams longer than 35 ft. are rarely built; an arch is generally 
used for such spans. 


Fig. 5. Cross-Section of a Concrete Slab Highway Bridge. 


Highway Girder and Slab Bridges. Highway bridges are 
of the greatest practical utility and importance, and the 
number. required in the present state of civilization is ex- 
tremely large. Good bridges are as necessary as good roads 
for the advancement of a district, and reinforced concrete is 
an ideal material for a “good bridge.” A concrete bridge is 
reasonably cheap in first cost, requires the minimum of main- 
tenance, and will last indefinitely. For a structure to be 
maintained by a public body, as highway bridges usually are, 
the fewer repairs that are required the better. 

Portland cement should always be used for concrete high- 
way bridge construction, because it is stronger and more re- 
liable and hardens more quickly than natural cement. 

The cement should be of a standard brand, not liable to 
expansion or disintegration, fine, and of uniform quality. It 
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should be free from lumps, and should be stored in a dry 
place. 

For the ageregates in concrete, the sand should ve clean 
and coarse, or a mixture of coarse and fine, the -se pre- 
dominating. It should be free from clay, loam setse “organic 
matter, and other impurities. 

Screenings or crusher dust from broken stone may be 
substituted for sand by altering the proportions so as to 
give a dense mixture and the same relative volume of ag- 
gregates. 

Gravel, when used, should be composed of clean pebbles 
free from any foreign matter, and containing no clay or 
any materials adhering to the pebbles. 

It should be screened to remove the sand, and should 
be mixed afterwards in the proper proportions. However, 
if by tests the gravel runs in the proportions of 244 to 3 
sand, to 4 or 5 parts pebbles, it can be used without screen- 
ing. 

Broken stone should consist of pieces of pons durable 
rock, such as limestone or. conglomerate. 

The water should be clean and free from acids or strong 
alkalis. 

Steel for reinforcement should be of high tensile strength, 
and of such shape as to form a firm mechanical bond with 
the concrete. 

In mixing concrete for highway bridges or culverts, pro- 
portions should be used to give the densest concrete with 
the maximum strength of the concrete. 

The mortar mixture of sand and cement is generally 2 
parts sand to 2 parts cement; yet mixtures of 2% to 8 parts 
sand to 1 part cement will give a mortar that is dense 
and for practical purposes as good on small bridges and 
culverts as stronger mixtures. 

The stone aggregate should not be more than twice that 
of sand; and in most cases the proportion of 4 parts stone 
will generally make the most desirable mixture, as it allows 
sufficient mortar to cover all the stone and leaves no rough 
spots on the surface. 


“Mix well” and “mix wet” will cure many faults, so-called, 
in working with concrete. 

Exposed surfaces of concrete may be made sufficiently 
smooth by spading, so as to force the stones back from the 
surface, allowing the mortar to crowd to the face. The 
forms should be sufficiently tight to prevent mortar running 
out. With these precautions, surfaces can be obtained that 
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require very little patching or plastering to make a neat 
job. 

The forms should be made of lumber sufficiently strong 
to hold itself in line without an excess of bracing, and not 
bulge or be thrown out of line by the workmen filling them. 
All exposed surfaces should be made with dressed lumber, 
with all joints neatly fitted. The lumber best adapted for 
building the forms is 2x6-in. stuff, with 4x4-in. for the stays. 

The handiest ties are %-in. bolts of a length necessary 
to hold the forms together. Bolting the forms requires few 
nails, and makes a form that can be taken down easily. 

The handiest ties are %4-in. bolts of a length necessary to 
hold the forms together. Bolting the forms requires few 
nails, and makes a form that can be taken down easily. 

The time necessary to leave the forms in place varies 
considerably with the weather; but under ordinary condi- 
tions, wing wall and culvert wall forms can be removed in 
3 days. Slabs of not more than 6-ft. may be removed in 
5 days. Longer spans and arches up to 40 ft. require not 
less than 10 days of good drying weather. 

In freezing weather, the forms should be left in place 
as long as possible. 

Classes of Loading 

A large manufacturer of reinforcing materials much used 
in bridge construction gives the following three classes of 
loadings for highway bridges: 

Class No. 1—Light highway specification answering the 
purposes of ordinary county traffic where the heaviest load 
may be taken as a 12-ton road-roller. Uniformly distributed 
load, 100 pounds per sa. ft. 

Class No. 2—Heavy highway specification, designed for 
localities where heavy road-rollers, up to 20 tons, and electric 
cars of a maximum weight of 40 tons, must be provided for. 
Uniformly distributed load, 125 pounds per sq. Lt; 

Class No. 3—City highway specification, designed for heavy 
concentrated loads and large interurban cars. This classifi- 
cation should be adopted for all city work; the weight of 
the maximum car has been taken as 60 tons. Uniformly 
distributed load, 150 pounds per sq. ft. 

CONCRETE BRIDGES 
Cost of Girder and Slab Types 

The following data and diagrams in regard to the cost 
of concrete bridges of the girder and slab types were pre- 
sented by Mr. B. H. Piepmeier in a paper read before the 
Illinois Society of Engineers and Surveyors: 
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The purpose of this paper is to develop a ready means 
of ascertaining the approximate number of cubic yards of 
concrete in a completed structure of the through girder or 
slab type, of known span, height of abutments, and length 
of wings, as well as to develop a means of making prelimi- 
nary estimates of the cost of completed structures without 
calculating the quantities in detail. 

Before proceeding, it may be well first merely to outline 
in a general way the slab and the girder bridges as designed 
by the Illinois Highway Commission, and give a few dimen- 
sions, that the types of bridges under consideration may be 
understood. 
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Fig. 4. Standard Bridge of 15-Foot Span, Illinois State 
Highways. 


Slab Bridges. For reinforced abutments for slab bridges, 
the main wall is made 12 inches. thick from top to bottom, 
the steel reinforcing being placed on the stream side, and 
the percentage of steel increased as the height increases. 
The abutments rest on an 18-in. reinforced footing, which is 
made of sufficient size to allow but 3,000 lbs. per square foot 
bearing on the foundation. When a soft foundation is encoun- 
tered, this same size footing is usually sufficient to permit 
the proper spacing of the required number of piles. 

The reinforced wings for slab bridges are of the standard 
cantilever type, the base being 33 per cent of the total height. 
The wing wall proper is 12 in. thick for heights up to 16 ft. 
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For greater heights, the base of the wall increases in pro- 
portion to the height. Nearly all wings for this type of 
bridge have a drop of 18 in. to 5 ft. at the end, to conform 
to the 2 to 1 slope on the sides of the road. The cantilever 
type of wing for extreme heights has been found much more 
satisfactory than the buttress type, as the increased thick- 
ness at the base and the large percentage of steel do not 
equal the extra cost of forming necessary for the buttress 


type. 
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Fig. 5. Standard Bridge of 30-Foot Span, Illinois State 
Highways. 


Reinforced concrete slab bridges are designed with vari- 
eus roadways ranging from 16 ft. upward. The side rails 
usually average 8 in. thick and 3% ft. high. On this type 
of bridge the slab and the side rails come flush with the back 
of the abutment walls. The top of the wings comes up along 
the outside of the rails to catch the side slope on the road. 
In determining the thickness of the slab, its entire dead load 
is considered, the load of the cushion wearing surface, and a 
24-ton engine live load. Excluding temperature stress, the 
steel is figured at 12,000 lbs. per square inch; the compres- 
sion in the concrete is assumed at 800 lbs. per square inch. 

Girder Bridges. For the reinforced abutments for girder 
bridges, the general type is the same as that for slab bridges, 
with the exception that all abutment walls proper are 18 in. 
thick, and the width of base for the wings is 40 per cent of 
the total height. The extra thickness in the abutments is for 
bearing of the girders. The extra width of base under the 
wings is for stability, as the wing walls are cut away from 
the abutment walls proper by a 1-in. partition to allow for 
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expansion of the superstructure. They can therefore receive 
no support from the slab bridges. The wings on this type 
of bridge also come up on the sides of the girders, and drop 
several feet at the ends to follow the general side slopes on 
the road. 

The reinforced concrete girder superstructures are de- 
signed with roadways from 16 to 30 ft. The roadway usually 
required is 16 to 20 ft. The side girders average from 4 to 
6 ft. in height, and 16 to 30 in. wide on top. On the side 
girders they are heavy, depressed panels to lighten the web 
and to give the proper appearance to the finished bridge. 
The floor and side girders on this type of bridge also extend 
to the back side of the abutment wall. The floor-slab is 
designed to carry its own dead load, the cushion wearing sur: 
face, and a 24-ton engine live load. The side girders are de- 
signed to carry the entire dead load of the superstructure, 
plus a live load of 125 Ibs. per square foot on the roadway, 
or a 24-ton engine, whichever gives the greater moment. 
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Fig. 6. Yardage in a Pair of Reinforced Concrete Abutments. 


Abutment Diagram. For the purpose of determining off- 
hand the approximate yardage in a pair of reinforced con- 
crete abutments for either slab or girder bridges, Fig. 6 has 
been prepared, and is applicable within the specific cases 
used. For abutments of slab bridges, 40 different designs 
were taken from the files of the Commission, and the number 
of cubic yards in the two abutments of each design was 
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plotted against H (R+2W), where H is the distance from 
the finished roadway to the bottom of the footings, R is the 
clear roadway of the slab bridge, and W is the length of one 
wing measured on the stream side. R was taken as the 
clear roadway of the bridge, as this figure is always secured 
at the preliminary inspection of the bridge site. W, the 
length of the wing, can always be assumed in the field or 
computed in the office, knowing first the general conditions 
of the bridge site. 

It will be noticed that the number of cubic yards in the 
two abutments varies approximately as the height of the 
abutments; also, that the maximum deviation from the curve 
does not exceed 2 cu. yds., and more often it is less than 
1 cu. yd. In fact, for heights of abutments up to about 16 
ft., or where H (R+2W) does not exceed 900, the quantities 
so plotted follow practically a straight line, and might be 
represented by the straight line formula, cubic yards =(.09 
fH (R+2W)] — 1.37, which often is convenient when the 
curve sheet is not at hand. 

For a particular bridge, suppose the distance from the 
crown of finished roadway to bed of stream is 10 ft. and 
the footing should be carried 4 ft. below bed of stream. 
Then H=14 ft. Now assume the wings are each to be 13% 
ft. long, and that the finished bridge -will have a 16-ft. clear 
roadway. We have now H (R+2W)=600, the value to be 
read at the bottom of Fig. 6. ; 

It will be seen, by locating the point on the curve and 
going across to the left-hand side, that there are about 53 
cu. yds. in the two abutments. Where the quantity at the 
bottom of the figure exceeds 900, we readily see that the. 
curve begins to rise above the straight line. This is expected, 
as abutments exceeding 16 ft. in height have the base of the 
wings spread, to allow for the proper» percentage of steel. 
This extra width of base is added to the back of the wing 
wall by a batter, the batter extending up from the footing 
4 to 8 ft., according to the height of the wall. This batter 
does not extend to the top of the wall, as the drop at the 
end of the wing would increase its thickness at the end, and 
this does not give the best appearance to the finished bridge. 
The abutment walls remain 12 in. thick up to 21 ft. high; and 
from there on, the thickness increases as the height. The 
slight variation from the curve in solving specific cases may 
be attributed to the difference in the angle of the wing 
with respect to the abutment, and the difference in width of 
footing for bearing. ‘The more nearly the direction of the 
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wing approaches a parallel with the center line of the road, 
the higher will be the wing at the end, thereby increasing 
the number of cubic yards; but as the corner formed by the 
intersection of the abutment wall and wing is measured 

twice, these two quantities tend to compensate each other. 
For the reinforced abutments on girder superstructures, 
25 designs were taken from the files of the Commission, and 
the number of cubic yards in: the two abutments plotted 

against H (R+2W), the notation being the same as before. 
400 
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Fig. 7. Yardage in Superstructures. 


It is to be noted here that the number of cubic yards is 
somewhat greater than the number of yards in the abutments 
for slab bridges. This is due to the extra thickness of the 
abutment walls proper, to give the desired bearing, and the 
extra width of footings under the wings. It will be noted 
en this curve, that some of the specific cases used had a 
wide variation from the mean. This can be attributed to the 
fact that some of the abutments had extremely long wings 
that were level on top, and also the different lengths of spans 
require a little different width of footing under abutments 
to take the required bearing. A curve of this kind could 


not take into account all of these conditions; and, while sev- - 
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eral points fall several yards off the curve, the mean is 
close enough for the purpose that it is to meet. 

For a particular case, take the same dimensions that were 
considered before: Clear roadway, 16 ft.; height, 14 ft; 
and length of wings, 13% ft. We now have 600 to read off at 
the bottom of Fig. 6. Getting the intersection with the 
curve for girder spans, we find that the two abutments con- 
tain 67 cu. yds. instead of 53 cu. yds. in case of the slab 
span, a difference of 14 cu. yds. in favor of the slab bridge. 
Fig. 6, then, is a ready means for comparing the substruc- 
tures of the two types of concrete bridges and determining 
the approximate number of cubic yards in each. 

Superstructure Diagram. The next thing of importance is 
to determine the number of cubic yards in the superstruc- 
tures of the two types of bridges. For this, Fig. 7 has been 
prepared, and is applicable for the fliat-top type of bridge up 
to 50 ft. in span. For slab superstructures, 48 designs of dif- 
ferent roadways and spans were taken from the files of the 
Commission; and the total number of cubic yards in the 
superstructure was plotted against the clear span length, the 
curves drawn through the points having 16, 18, and 20 ft. 
roadway. The three curves will meet the requirements of 
the majority of highway bridges. Occasionally a special case 
arises, such as a skew or extra wide roadway; and then it 
is necessary to make special computations to determine the 
number of cubic yards. 

For a specific case, assume a bridge to have a 30-ft. clear 
span and 16-ft. roadway. We readily see the number of 
cubic yards to be about 43.2. 

We may wish to consider for the same site the 30-ft. 
girder type with 16-ft. roadway. Here we see that the num- 
ber of cubic yards is about 38.6, or a difference of 4.6 cu. yds. 
in favor of the girder superstructure. But you will notice for 
the same height substructure the difference in all cases is in 
favor of slab bridges. If it should happen that for a single 
span the girder bridge and the slab bridge should have the 
same yardage, an advantage still rests with the slab type, 
as it has been found that contractors usually bid more favor- 
ably on this type. There is also another very important point 
in favor of the slab type. If for any reason there should be 
any defective material placed in the rail, or poor alignment 
in its construction, it can be torn down and replaced without 
disturbing the floor, even after the falsework has been taken 
down. 

Cost Diagram. Having found the expression that is the 
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measure of the number of cubic yards in the abutments and 
superstructures of concrete slab and girder bridges, the next 
step is to combine the quantities with a unit-price, that we 
may determine the approximate cost of each type. For this 
purpose, a 8 has been eat oe 
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Fig. 8. Cost of Bridge Complete. 


It has been found from the cost data of a large number 
of slab and girder type concrete bridges built under the 
supervision of the Illinois Highway Commission, that it is 
possible to get a very close figure on each individual item 
that goes to make up the cost of the bridge—(1) the cost at 
the bridge site of sufficient cement to make 1 cu. yd. of 
1:21%4:4 concrete; (2) the cost of the necessary lumber for 
forming 1 cu. yd.; (3) the cost of reinforcing steel per cubic 
yard of concrete; (4) the labor cost in mixing and placing 
1 cu. yard. of concrete; (5) the cost of sufficient aggregate 
to make 1 cu. yd. of concrete; (6) the cost per cubic yard 
of concrete for making the necessary excavation to start the 
concrete of the footings. The two items that largely-control 
the cost of a structure of this kind are the excavation and 
the necessary aggregate for the concrete. We find that the 
cost per cubic yard of concrete for cement, forms, reinforc- 
ing steel, and the mixing and placing, have narrow limits in 
their variation. 

It therefore appears possible that some definite quantities 
may be fixed to the first four items, and a curve plotted 
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for the last two, combining them in such a way that the 
total cost may be readily determined after we have learned 
the number of cubic yards in the bridge. 

The cost at the bridge site of sufficient cement to make 
1 cu. yd. of concrete for a 1:214:4 mixture may vary from 
$1.75 to $2.10. While the price of cement, the distance it has 
to be hauled, and the amount required for some aggregates, 
vary slightly, the extreme variation would not be over 20 
cents per cubic yard from the average. From a general 
average of all cost data on this item, it would seem that we 
are probably safe in choosing for cement about $1.90 per 
cubic yard of concrete. 

The cost of forms includes all the necessary falsework, 
bracing, and form lumber for completing the bridge. While 
this item varies somewhat for different localities, and will 
vary again where the contractor can use some of his old 
lumber, it will fall between the limits of 75 cents and $2.50. 
Experience has shown that about $1.50 for the ordinary type 
of bridge is usually sufficient, and might well be chosen for 
this cost curve. 

The reinforcing steel varies from 50 lbs. per cubic yard 
for substructures to 170 lbs. per cubic yard for superstruc- 
tures—or an average of about 110 lbs. for the two combined. 
This steel, delivered at the bridge site under ordinary con- 
ditions, and bent ready for placing in the structure, will cost 
about $2.10. 

The item for mixing and placing concrete might vary from 
$1.50 per cubic yard for crushed rock concrete mixed by 
hand, to possibly as low as 40 cents for gravel concrete 
mixed by machinery. This item should also provide for the 
necessary work in spading the concrete next to the form and 
securing the desired finish. In spite of the possible wide 
variation, we find the cost of this item varies but little from 
the fixed amount of $1.25. 

While all these quantities given above may seem some- 
what in doubt as to their reliability, yet experience has de- 
termined that they are not far from the correct figures for 
normal conditions on the average bridge. 

The item of excavation, which includes also cribbing, 
sheet-piling, pumping, and all necessary work to start the 
concreting of the footings, has been found from the cost data 
on file to vary from 50 cents to $5 per cubic yard of total 
concrete in the bridge. The 50 cents per cubic yard is found 
only in some very favorable cases and on the smaller spans, 
where there is practically no cribbing, sheeting, or pumping 
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necessary. On the other hand, the cost of $5 per cubic yard 
of concrete is caused by a soft, seepy soil where cribbing, 
sheet-piling, and excessive pumping are necessary. Quite 
often the wide variation in the item for excavation is due to 
poor management on the part of the foreman in charge. 
This item, therefore, may vary considerably; but with ex- 
perience with the excavation that is to be handled and with 
the type of bridge that is to be built, one is able to estimate 
this item sufficiently close for all practical purposes. 

It will be seen that the cost of the aggregate delivered 
to the bridge site is the second item determining the price 
per cubic yard of concrete. Under the most fayorable con- 
ditions with respect to location of a satisfactory aggregate 
supply, it would likely cost at least 50 cents per cubic yard 
to haul it to the mixing plant. On the other hand, the cost 
of aggregate at the bridge site might exceed $4 per cubic 
yard, as the structure may be isolated from a railroad sta- 
tion, and it may be necessary to ship in either gravel or 
crushed rock and sand, besides hauling it several miles into 
the country. 

In the light of the wide range on these two items, Fig. 8 
has been prepared to give the total cost of the bridge com- 
plete, including profit to the contractor under conditions 
where the cost of excavation, plus the cost of aggregate at 
the bridge site, might vary from $1 to $9. 


For a specific case, we shull assume that a conerete bridge 
has 120 cu. yds. of concrete. We shall next investigate the 
condition of the foundation, and assume the cost for com- 
pleting this part of the work, and express it as so much 
per cubic yard of concrete. We then approximate the cost 
of delivering at the bridge site the necessary aggregate to 
make 1 cu. yd. of concrete. For convenience let us say that 
these two quantities amount to $3 per cubic yard of concrete. 
Entering Fig. 8 with 120 cu. yds. at the left-hand side, and 
following this across to the $3 curve, or the $11 per cubic 
yard, which is the same thing, and then to the bottom of 
the figure, we find the cost of the bridge complete to be 
$1,300. The total cost per cubie yard of concrete is shown 
at the top for aid in determining the unit-price. 

From the figures heretofore given, we are able to deter- 
mine approximately the number of cubic yards in either the 
slab or the through girder type of bridge, besides haying a 
ready means of determining the probable cost. While the 
curves here developed apply only to the slab and through 
girder types of bridges, similar curves might readily be de- 
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veloped for the deck girder, the through girder, floor-beam 
type, or the arch, and would prove of equal service to the 
highway engineer. 
REINFORCEMENT TABLES FOR GIRDER AND SLAB 
BRIDGES 
Tables 1, 2, and 4 will give the amounts of steel and size of 
members for different spans of highway bridges. The type 
of reinforcement used is indicated at the head of each table. 
TABLE 1 
Data for Trussed Bar Reinforcement 
SLAB BRIDGE 


SPAN Thickness! vf ee Bars Cup-Bars 
of Slab Size Spacing Size | Spacing 

4 Ft. 6 In. 3x14 In. 12 In. 3 In. 24 In. 

6 Ft. 6 In. Be In. | 8 In, 3 In. 24 In. 

8 Ft. vpe tae . 4x2 3; In. 12 In. $ In. 24 In. 
10 Ft. 8 In. #x2 7; In. 11 In. In. 24 In. 
12 Fs. 9 In. 3x2 35 In. 10 In. In. 24 In. 
14 Ft. 10 In. 4x2 ¥¢ In. 9 In, In, 24 In. 


Cup bars are placed over and at right angles to Kahn bars. 
TABLE 2 
Data for Trussed Bar Reinforcement 
GIRDER BRIDGE 


OUTSIDE BEAMS CENTER BEAMS 


a 
& = 
7 KAHN BARS KAHN BARS 
= STANDARD CENTER STANDARD| CENTER 
2} SIZE |_SHEARED SHEARED SIZE |_SHEARED SHEARED 
<a —_—<— qr lr — |, ST 
. No] SIZE |No| SIZE No.| SIZE |No| SIZE 
2| 3x24” 2./1 x3” | 1 | 2x2” 
+4 2 eee Ottxe” 1 }1 x3” 
16 Quite ss 1 x2 ye” | 12x18" | 2 |1 x3” I*1 [13x22” 
18 2}1 x3” 1| #x2ye"| 14x18" | 2 |19x22”| 1 x3” 
20 Qh te x3 1/1 x3” |14%207| 2 |12x23”| 1 ese 
22 2)1 x3” 1/1 x3” |14x227| 2 |12x227| 1 |12x23” 
24 2 }139x23” | 1 | 2x2 ye” | 14x22”| 2 |2 x39”) 1 }1 x3” 
26 2 1oL 1 1 9a? 14x24” | 2}2 x34”| 141 x3” 
28 2 |13x23" | 1/1 x3” 14x26” | 2}|2 x34”| 1 |2 x34” 
30 2 | 1323” 1 | 2x2” | 16x28”| 2 |2 x34”|] 1 | 2 x39" 
32 2 eto 1 | 3x2 y5” | 16x30") 2 | 2 x3)" | 1 |2 x34" | 
34 2/2 x34” | 1)1 x3 16x30” | 3 | 2 x34”7| 2 ee . 
36 2 |2 x34” | 1)1 x3” 16x32” | 3 [2 x34”| 3 X24 
38 2\2 3h 1}1 x3” 18x34” | 3 |2 x34”| 2 ce 
40 2/2 x34" | 1| 952%” |18x36"] 3 | 2 x34”) 2) ix2 ye 


*Bars full length. 
Floor-Slab—6 in. thick, reinforced with 14x1%4in. Kahn 


bars spaced 12 in. centers, and %-in. Cup bars spaced 16 
in. centers. 


TABLE 3 

Values of Depth to Steel, Area of Steel, and Spacing of Steel 
Rods or Bars in Girders and Slabs, for Different Values 
of the Bending Moment 


Se — 


Formulas— 
M i ae : 
d= 1559 e=1} in. for} in. sq. bars 


‘e=15 in. for fin. sq. bars 


=2° in. in. sq. bars 
a=.0111X12xd ipo as phages: Se 


Formulas based on allow- 
able unit stresses of 750 Lbs. 
per sq. in, on concrete and @, 
13.500 Ibs. per sa, in. on steel. 
50% must be added to Live 
Load moments. 


When S is less than 4 times 
dimension of bar a double 
row must be used. 


See eee 


ete a(sq.in.) ; : 5 
Resisting Moment | 4 (in.) | Area of | Spacing Spacing | Spacing 
in thousands | Depth to|Steel per|¢ t¢ ¢ forle toc for) ¢ toc for 
in.-lbs, Steel | Foot in. |_ 7 in. Lin. 
Width . Bars|Sa. Bars} Sa: Bars 


D4 ie eiewitmlotw ine 3 .40 16 i% 30 
IO oa eects s 3% 47 14% 6% 26 
DO wah ayeravet mre, Sisjane 4 53 12% 5% 22% 
BI BOee ces ee 4% -60 11% 5 20 
iol 5 67 10 4% 18 
514 73 9% 4 16% 
6 -80 8% 3% 15 
6%. .86 7% 3% 14 
7 -93 1% 3% 13 
a | i | 82 | ou | iby 
: a Ze ce 
8% 1.13 6 2% 0% 
9 1.20 5% 2% 10 
9% 1.27 EA > 9% 
10 1.33 5 2 9 
10% 1.40 4% 2% 8 
il 1.47 +4 2 8 
11% 1.53 4 ee hese 7% 
12 1.60 4% Flares Ts, 
12% 1.67 4 as z 1% 
13 1.73 3% x 5 q 
13% 1.80 3% 6% 
4 1.86 ae ‘61q 
14% 1,93 3 6% 
15 2.00 314 6 
16 2.13 3% 5% 
17 2.26 3 5% 
18 2.40 eis Biviele eles ee-0 500 5 
19 2.53 . 4 
20 ZIGS Milentsie els “6 
21 2.80 4% 
22 2.93 4 
3.06 4 
BOO el Saeteen feet 3% 
SSS. Witoeptc eel che 3% 
BD Bisceece.s a Ineo 3 
SEOwilisask eect sees 3¢ 
ak 235 540 35) (5 Eth 
CA Uae (Se aciciss precesns 3 
Be Se al ng Se Sis) frees 3 
ce ia! oars Ince ae 2 
4.40 2 
4.53 2 
4.66 2 
4.79 22 
4.93 2 
5.06 2 
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TABLE 4 


Data for Bar and Expanded Metal Reinforcement 
GIRDER BRIDGE 


OUTSIDE GIRDERS INSIDE GIRDERS 
acing NO. AND NO NO. AND NO. 
vace S1zE oF SIZE OF EXP, Size OF | SIZE OF | ExP.' 1 
GIRDERS |BARS-INS| METAL ||GIRDERS |BARS-INS| METAL 
(ins.) WEB (1n8.) WEB 


8x12x17 2-4 10x17 


10x13x18 34 10x18 
10x14x20 10x 20 
10x15x 21 $ - 12x21 
10x16x 23 £ 12x 23 
12x18x 25 12x 25 
12x18x 26 12x 26 


12x19x 27 / 14x 27 
12x 20x 28 14x28 


12x 21x29 14x 29 


12x 22x30 16x30 
12x 23x31 16x31 


12x 24x33 || 16x33 


12x 24x34 18x34 
12x 25x35 J] 18x35 


Cost of Through Girder Concrete Highway Bridges 

The costs shown in Table 5 were given in a paper read 
by A. N. Johnson, State Highway Engineer of Illinois, be- 
fore the Illinois Society of Surveyors and Engineers. The 
bridges referred to were of the through girder type, with 
the bridge floor supported by the two side girders. The mix- 
ture of concrete used consisted of 1 part Portland cement, 
2% parts sand, and 4 parts coarse aggregate. 


(heh ESSE 


Mss 


Fig. 9. Cross-Section of Highway Arch Bridge. 


HIGHWAY ARCH BRIDGES 
Highway arch bridges are usually low and flat, and vary 
in span length from 20 to 100 ft. The ordinary type consists 
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of an arch-barre] and spandrel walls, with an earth filling 
between the walls. Ornamental concrete parapets are often 
used, although ordinary gaspipe railing is very common. The 
width of these bridges ranges from 14 ft. for small creek 
crossings, to 60 ft. or over for structures carrying city streets. 

Fig. 9 gives a cross-section of a highway arch bridge. 
This bridge was built in 1904, at Yorktown, Indiana. It 
has a span of 95 ft.: a rise of 11 ft. 1 in.; a height of opening 
of 15 ft. 7 in., and crown thickness of 26 in. The roadway 
is 16 ft. wide. The arch-rods are % in. square, spaced 6 in. 
The parapets are monolithic concrete, 18 in. by 3 ft. high. 
The design was made for a 20-ton roller, or 200 pounds per 
sq. ft. 

For ordinary highway construction where long spans are 
required, and where heavy loads such as traction engines 
and their accompanying machines or heavy earth-fills will 
occur, an arch of this type is especially suitable. The con- 
struction has all the strength of the masonry arch, with much 
greater elasticity. In case of settlement of the abutments, 
the reinforcing steel will take strains that would cause large 
cracks in ordinary masonry. 

In cities and towns where it is necessary to have the 
streets cross a stream, the reinforced concrete arch not 
only insures strength and stability, but is capable of such 
var-ed artistic treatment that it is being almost universally 
adopted in municipal work. 

CONCRETE ARCH BRIDGES 

Mr. George P. Carver, in his handbook on Reinforced 
Concrete, gives the accompanying detailed estimates of con- 
srete arch bridges of 50, 75, and 100-ft. span, 28 ft. wide, from 
which he has prepared a curve of costs to be used in roughly 
2stimating such structures for interurban railroad use: 

SPAN, 50 FT.; WIDTH, 28 FT. 


Steet Zis0iibs., at 246. Cents, 5 Fides coke adden $ 692.50 
Steel placing, 27,700 lbs., at 1 cent.........seeceeeseees 277.00 
LP OTMW OLR DY G1 DEY CU Yds vere dav Sede Aeee IOs étnee as 370.00 
COMMU ADL DUIS G AL Done. npc oe esa eee aaa ers 0.02 962.00 
Raut 16S... YG8,, At Gheo so. 5 a veer dees gran s ss C24 i\0 185.00 
SONG DIMI TOS Ab Gorge oso er. ricer sen ures fs bs ce 740.00 
Mixing and placing 370 cu. yds. at $1.50.............. 555.00 

$ 3,781.50 
Encidentais, add 15 per cent... 20 ceass0cdecradsgs acre ce 567.22 

% 4,348.72 
ESOUG, BON AD DOF CODE), Ao cacccgadecsesessesczcsnses» 49487 


729 $ 4.783.59 
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SPAN, 75 FT.; WIDTH, 28 FT. 


Steel, 38,000 Ibs., at 244 cents...... bay SaaS ae eae .-$ 970.00 
Placing steel, 38,800 Ibs., at 1 cent...........+-+eeeee -- 388.00 
Form work. at $1 per-cu. yds.c....0.esserccssccseness - 740.00 
Cement, 962 bbls., at $2.........-. roars Eelcisisie cele ste's © 1,924.00 
Sand, 370 cu. eae BEL oe clciert= aelslashisiome see we ess 3 370.00 
Stone, 740 cu. yds., at $2.....ceceeceeccersccrecvecess « 1,480.00 
Mixing and placing 370 cu. va AtsSL.OU Meee eee es - 555.00 

$ 6,982.00 
Incidentals, add 15 per cent...... eth lelelastlonietsroe ale wis - 1,047.30 

$ 8,029.30 
Profit,;add LOiper cont sracecdeswece sce esis tececcsre. ss pemo0c.cs 

$ 8,832.23 

SPAN, 100 FT.; WIDTH, 28 FT. 

Steel, 38,800 Ibs., at 24% cents.......5..... cee enee wosee 970,00 
Placing steel, 55,650 lbs. atelicent sn ceesm ce eects <a et aU OOU 
Form: work ati$¢l per! cus’yd. 0.90 5o. a ceeennvece ess -+- 1,008.00 
Cement, 1,310 bbls., at $2......... rofl isaieets sare SoSas5eas 2,620.00 
Sand, 504 cu. yds., at $1............00. shite tisk setae 504.00 
Stone, 1/008 cus ydsi, at $2.20. cwineeciervsienieeie s Rreteiats sits 2,016.00 
Mixing and placing 1,008 cu. yds., at $1. MUGS OSOSeSbe Sone Bae 

$ 9,607.75 


Incidentals, add 15 "per cent... cvs scewsecsemsccecsicves (1,440.16 


$11,048.91 
Profit, add LOiper Cente ewe ceicecquctien emeiesiineiie testes snl wOdno 


$12,153.80 
Table 6 gives some of the dimensions and costs of a 
number of arches. In the case of single arch spans, the cost 


per square foot is computed from face to face of abutments 
and out to out of railings. 


Specifications for Design of Concrete Bridges 
Bureau of Surveys, Department of Public Works, 
Philadelphia, Pa. 


Data for Calculation. The structure shall be proportioned 
to carry the dead load—consisting of the weight of the struc- 
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tural material, driveway, and sidewalk formation, rails, curbs, 
and railings—and one of the following classes of live load: 

A uniformly distributed load over the entire surface, in- 
cluding driveway and sidewalks, as follows: 

For spans up to 75 ft., 100 pounds per sq. ft. 

For spans over 75 ft. and not over 150 ft., 90 pounds per 
sq. ft. 

For spans over 150 ft., 80 pounds per sq. a 

Sidewalk brackets, joists, and floor to be proportioned 
for a local loading of 110 pounds per sq. 1 

A concentrated moving load as follows: 

For bridges with permanent pavement on metal deck, a 
load of 40 tons equally distributed on four wheels spaced 20 
ft. between axles, and 6 ft. gauge. 

The following weights are to be used in computing the 
dead load: 

Concrete, 140 pounds per cu. ft. 

Binder coat, 135 pounds per cu. ft. 

Granolithic pavement, 140 pounds per cu. ft. 

Asphalt wearing surface, 87 pounds per cu. it. 

Granite block paving, 6 in. in depth, 80 pounds per sq. ft. 

Vitrified brick paving, 4 in. in depth, 50 pounds per sq. ft. 

Woodwork, 4 pounds per foot, board measure. 


Comparative Costs of Small Railroad Bridges 


In order to determine the most economical type of struc- 
tures for short-span railway bridges, the costs of four dif- 
ferent designs were computed for span lengths of from 10 
to 35 ft. The four types of structures which were estimated 
are as follows: 

A—I-beam span with standard open wooden floor. 

B-i—I-beams imbedded in concrete and ballast floor. 

B-2—Concrete ballast floor supported on I-beams. 

C—Reinforced concrete slab with ballast floor. 


The spans were figured for the total dead loads and a 
Cooper’s E-50 live load. The unit allowed stresses in the 
steel beams were 8,000 lbs. per sq. in. for live load, and 16,000 
lbs. per sq. in. for dead load. The allowed unit-stresses in 
the concrete slabs were 750 lbs. per sq. in. in the concrete, 
and 13,500 Ibs. per sq. in. in the steel, for dead load; and 
500 lbs. per sq. in. in the concrete, and 9,000 lbs. per sq. in. in 
the steel, for live load. 

The steel beams were estimated to cost 2%, cents per 
pound; the reinforcing steel, 3 cents per pound; the con- 
crete, 85 cents per cu. ft. or $9.50 a cu. yd. The ballast 
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and floor were estimated at $1.50 per linear foot, and the 
wooden floor at $3.60 per linear foot. 

The costs for each of the four designs for the various 
spans were plotted as shown in Fig. 10. The spans are laid 
off on one axis; and the costs in dollars for the structure, 
exclusive of abutments, are laid off on the other axis. Fig. 
10 shows also the cross-sections of the four types considered. 
An inspection of the curves will show the following: 


14. The I-beam spans with the open wooden floor are 
the cheapest. 

29. The reinforced concrete slabs are only slightly more 
expensive than the Type A spans, and cheaper than Types 
B-1 and B-2. 

3, The Type B-2 spans, I-beams imbedded in concrete, are 
the most costly construction. 

4. The difference in cost between the Type A and Type 
C spans does not increase as the span length increases. 

5. The difference in.cost between the Type C and Type 
B spans increases rapidly as the span length increases. 

Tt will be noticed that a slight change in the relative costs 
of the steel and concrete in the various types will affect rela- 
tive positions of the curves. The costs used are indicated 
to be average, and therefore the curves indicate the economy 
of the various types of spans in the average case. It is en- 
tirely possible, however, that under certain conditions the 
cost of conerete may be so low that the Type C spans will be 
cheaper than the Type A spans. 


Abutments and Piers 

Design of Abutments. The supports at each end of a 
bridge are known as abutments. An abutment serves a num- 
ber of purposes: it furnishes a resting-place for the end of 
the span; it distributes the weight of the bridge over the 
foundation; and it prevents the bank from running out into 
the stream at the end of the bridge. 

It is the object of bridge engineers to plan abutments 
which will fulfill these requirements and at the same time 
‘be as economical as possible to construct; and every man 
who may be called upon to assist in bridge-building should 
understand this object if he expects to do his part of the 
work intelligently. 

The first step in the design of an abutment is to provide 
a resting-place for the pedestals which carry the bridge-span. 
These pedestals are made sufficiently large to prevent the 
crushing of the material of the top of the abutment, or bridge- 
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seat, under the load of the bridge. After the size of the 
bridge-seat has been determined, the area and depth of the 
foundation course is calculated, the actual dimensions depend- 
ing on the nature of the underlying soil, which is known 
from preliminary investigations. The third and last step 
is to provide for the embankment behind the abutment in 
such a way that it will not encroach on the clear waterway 
or opening under the span. There have been a number of 
abutment types developed to accomplish this object, among 
which are: wing-abutments, Tee-abutments, U-abutments, arch 
abutments, and a number of special types. 

Bridge Piers. It has always been the endeavor of bridge- 
builders to make the clear span of their structures as large 
as possible; but since the cost of a bridge increases very 
rapidly as the span is made longer, it is customary to cross 
only the smaller streams and valleys without the use of in- 
termediate supports between abutments. When a bridge is 
supported at some point between the abutments, the support- 
ing structure is known as a bridge pier or tower. Towers 
are used only for high viaducts and short spans, and are 
seldom placed in mid-stream; piers are far more common. 

From its definition it will be seen that a pier has to carry 
the vertical weight of the bridge and its traffic; it usually 
is placed in mid-stream, and must be able to resist the action 
of moving water and ice, and it must give the bridge an 
anchorage to prevent-its overturning as a result of wind 
or vibration. To accomplish these ends, a pier must have 
compressive strength, massiveness, and weight, and be de- 
signed for stability and bearing power. The civil engineer 
has these objects in view when he is planning the piers for 
a particular bridge; and a knowledge of his methods, as 
well as of the ways and means of getting the required re- 
sults, should be of value to the construction man who car- 
ries out the work in the field. 

The first problem—to design the pier with sufficient com- 
pressive strength and footing area to transmit the load to 
the foundation and spread it sufficiently to prevent settle- 
ment—is attacked as follows: 

The part of the total weight of the bridge superstructure 
—trusses, girders, bracing, floor, etc., as well as the load of 
the trains, cars, vehicles, and people—which can possibly 
come on the piers, is computed. The steel or cast-iron shoes 
or pedestals which rest on the top of the pier are then 
made large enough to distribute this load so as not to ex- 
ceed the safe compressive strength of the material of which 
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the pier is constructed. The size of the top of the pier— 


or the bridge-seat, as it is technically known—is governed — 


by the size and position of these bridge pedestals. The 
dimensions of the pier are usually increased from the top 
downward, by sloping or “battering” the sides until the top 
of the footing course is reached. Footing course is the name 
given to the lowest part of the structure, and is the layer 
of masonry resting directly on the foundation. The bottom 
of the pier must be placed at such a depth below the sur- 
face of the ground or bed of the stream as will insure a firm 
foundation and safety from the effects of frost and the scour- 
ing action of the current. 

The total weight of the bridge coming on the bridge-seat, 
together with the weight of the pier itself, constitute the 
total load on the foundation; and the area of the base of the 
pier must be made large enough to distribute this pressure 
according to the safe supporting power of the particular foun- 
dation. The nature of the foundation is ascertained before 
the design is made, and the supporting power in tons per 
sq. ft. is estimated. In many-cases it is found necessary to 
use piles or more extreme precautions to give the pier a 
sufficiently firm foundation. 

The second requirement for the design of a pier is that 
it should be able to resist the action of running water or 
moving ice and debris. Water will have little effect on a 
masonry pier unless it manages to undermine the footings; 
and this will not occur if the precautions mentioned in the 
preceding paragraph are taken. Floating ice and wreckage, 
however, constitute a formidable menace to the stability of 
a bridge; and for this reason it is well to have as few piers 
as possible exposed to the current. Such piers as are ex- 
posed should be made massive, well founded to prevent slid- 
ing, and shaped to obstruct the current as little as possible 
and deflect the logs or ice that may be thrown against them. 
For this reason, piers have their long dimension parallel to 
the stream, are made as narrow as possible, and are pro- 
vided with a rounded or pointed cut-water or starling at the 
upstream end. The nose is often reinforced with old rail, 
steel bars, or cast-iron plate. 

The final requirement for a well-designed pier—stability 
against overturning—is usually supplied for ordinary heights 
if the precautions mentioned above have been taken. In 
the case of a high pier, however, it is often necessary for 
the engineer to make additional calculations in view of pos- 
sible overturning. 


SS 
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Bridge piers have been built of piles, timber frames filled 
with stone, metal cylinders filled with concrete, brick, and 
stone masonry, but are now generally constructed of concrete, 
which is an ideal material to answer all the requirements. 


SECTION OF BOX CULUYERT SECTION OF BOX CULVERT 


D 
SECTION OF ARCH CULUFRT SECTION OF ARCH CULLERT 
(SESIICIR CULAR) (3-CENTERFO) 


Fig. 11. Culvert Sections. 


For piers of average height, plain conerete is all that 
is required; but for the center piers of swing-bridges, and 
for piers of extreme height, it has been found economical 
in many cases to use reinforced concrete and to make the 
piers hollow. 

The cost of abutments and piers will vary in each partic- 
ular design, but may be estimated approximately by deter- 
mining the quantity of materials needed from the plans, and 
determining the cost of placing from the rules already given 
under “Concrete Construction.” 2 
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Fig. 12. Section of Concrete Box Culvert, Showing Forms, 


REINFORCED CONCRETE CULVERTS 


The difference between a culvert and a bridge is not very 
clearly marked. A large culvert may be called a small 
bridge, and a small bridge is but little different from a cul- 
vert. The two structures may best be distinguished by their 
purpose—a bridge being intended as a crossing over a stream 
er gulch, while a culvert is needed to allow a creek or 
ditch to pass under a road. A culvert serves as a drain 
or conduit, and is covered by the road embankment; for 
this reason it must be composed of a material which will 
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Fig. 13. Cross-Section of Concrete Arch Culvert, Showing 
Forms. 
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not rot under the most adverse conditions of alternate wet 
and dry periods. 

Bridges are often built of considerable lengths, when an 
embankment with a small culvert would be much more de- 
sirable because of the greater stability and permanence of 
the crossing and the reduced cost of repairs and renewals. 

There are three distinct types of culverts: Box-culverts, 
which are rectangular in section; arch culverts, which have 
arched tops and in some cases arched floors; and pipe cul- 
verts, which are circular or elliptical in section. 

Box culverts (see Fig. 11, A and B, and Fig. 12) were 
formerly built of wood or stone, and later of concrete, with 
covers of old rails; but reinforced concrete is now the stand- 
ard construction. Arch culverts (see Fig. 11, C and D, and 
Fig. 18) are built of concrete, either plain or reinforced, the 
more modern material having replaced stone masonry. 

Culvert pipes of cast iron, corrugated sheet steel, and 
vitrified clay, are still used; but concrete has invaded this 
field also, and is perhaps more extensively used today than 
any other material for culvert construction. In some in- 
stances it is combined with the sheet metal, the latter being 
used as as form for the bore and left in place after the con- 
crete is filled in. 

Table 7 gives figures from which to make estimates, 
giving the necessary thickness of top, bottom, and side walls 
for various-sized culverts, the amount of material needed, ete. 
These figures are for culverts 18 ft. long. On longer or 
shorter ones, make estimates in proportion. 

The costs of completed culverts as here estimated are 
figured on cement at 65 cents per hundred pounds, and gravel 
at $1 per yard. The cost of this kind of concrete work 


TABLE 7 
Data for Estimating on Culvert Construction 
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is close to 18 cents per cu. ft. of concrete used; and, as 
cement in the proportions mentioned does not increase the 
bulk of gravel, to estimate the cost of any sized culvert 
completed, multiply the estimated amount of gravel, in cu. 
ft., by 18—this will give you the cost complete. Multiply 
by 11 to get the cost of cement; by 7 for cost of material 
on the ground and placed. 

The figures in the table are made on a basis of 18-ft. 
culverts, with coping to extend two feet from waterway 
through culvert, and concret2 in proportion of 1 part cement 
to 6 parts gravel or sand. 

Box Culverts 

Tables 8 to 11, compiled by the Information Bureau of 
the Universal Portland Cement Company, give dimensions of 
parts, and quantities of materials needed, in the case of 
box culverts with different heights of fill. 

Arch Culverts 

Tables 12 and 13, also compiled by the Information Bu- 
reau of the Universal Portland Cement Company, give sizes 
and quantities of materials needed in case of plain concrete 
arch culverts up to 8 ft. in span. 


TABLE 8 


Data for Culvert Construction 
Wing Wall Dimensions—Flat-Top Culvert 
(To be used with Tables 9, 10, and 11) 
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TABLE 13 


Data for Culvert Construction 


Plain Concrete Arch Culvert—Dimensions of Wing Walls and 
Amount of Materials, Including Guard-Rails, Floor, and 
Apron 

(To be used with Table 12) 


Concrete 
Cu. Yds. 


3.8 
4.2 
6.9 
8.8 
10.2 
11.1 


12.8 


14.3 
18.3 


Sewers and Conduits 


A sewerage system consists of: 


1. A trunk or main sewer. This is built of sufficiently. 
large capacity to carry away all waste waters, and liquid 
filth containing fecal and other polluting matters, from a 
given district the boundaries of which are prescribed. 

2. Lateral Sewers. Each one of these serves the par- 
ticular street under which it lies. These lateral sewers are 
connected with, and discharge into the trunk sewer. 


A sewerage system may also include: 


3. An intercepting sewer. This is built large enough to . 
enable it to collect and carry away the sewage from a num- 
ber of trunk sewers to the point of final discharge. Where 
a stream of water is available, the intercepting sewer, toward 
the latter end of its course, is- built parallel with the stream, 
until it reaches the place of discharge. 

4. <A relief sewer. In many cities the continued increase 
in population and in manufacturing causes such an increase 
in the volume of sewage to be removed that in course of 
time the capacity of the original sewer becomes overtaxed. 
In such cases a relief sewer is built, generally parallel with 
the old sewer, and sharing its work. 

The various functions of a sewerage system are: (1) To 
carry away all sewage, such as household waste waters, liquid 
and fecal matter, ete. (2) To carry away from manufac- 
turing establishments all waste waters, and other liquid trade 
wastes containing organic or inorganic waste products that 
are objeetionable and a menace to public health. (3) To 
carry away storm water, not only from the roofs of build- 
ings, but also from the surface of the streets. (4) In many 
cases the sewerage system is utilized for the purpose of 
draining areas beyond the limits of those directly served, 
when it is found that such areas can be conveniently drained 
in this manner. 

When a sewerage system serves all the purposes here 
enumerated it is termed a combined sewerage system. If, 
on the other hand, the system serves only to remove sewage, 
and trade wastes in liquid form, and from which all storm 
water and other waste products are excluded, it is called a 
separate sewerage system. Under these conditions it is in 
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many instances necessary to install a system of storm sewers 
in connection with other drains and conduits, for the express 
purpose of removing storm water from the streets. 


CAPACITY OF A SEWERAGE SYSTEM 


The capacity of a system of sewers which it is pro- 
posed to install in a given locality, will depend, of course, 
upon the greatest volumes of sewage and other liquids which 
the system will be called upon to remove at any time; and 
this is to be calculated from the maximum rates of dis- 
charge from all the various sources connected with the sys- 
tem. The periods of time when these maximum rates of 
discharge are liable to occur, must also be taken into ac- 
count in designing the system. Another very important fac- 
tor in connection with the design and installation of a sew- 
erage system, and one which must be accurately known, 
is the volume of water supplied by the waterworks pumping 
system. 

Of course, a portion of the water supplied by the pumping 
system is used in boilers, also a portion is used for sprinkling 
lawns, and for other purposes which do not contribute to 
the volume of sewage to be earried away; but, as a gen- 
eral thing, the volume of sewage will very nearly equal the 
volume of water supplied by the pumping works. The aver- 
age daily per capita consumption of water—which is the quan- 
tity of water used per day for each person living within 
the boundaries of the town or city to be served—is usually 
taken as the basis for determining the volume of sewage to 
be provided for in the design of a sewerage system. How- 
ever, in order to insure a satisfactory service, and to pro- 
vide for fluctuations, there should be added from 70 to 100 
gallons per capita. As will be seen from the accompanying 
table, the per capita consumption of water in different cities 
varies greatly. This variation is due to several causes, prin- 
cipal among which is the percentage of water that is metered 
to consumers. Those cities showing the largest percentage 
of metered service generally show the smallest per capita 
consumption of water, while those cities showing a small 
percentage of meter service, and in some cases none at all, 
usually show the largest per capita consumption of water. 

Local conditions, and the nature of the manufacturing 
industries of a city, control to a large degree the volume of 
trade wastes to be removed by the sewerage system. 

Ground Water. Another factor that must be taken into 
account in estimating the capacity of a sewerage system 
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TABLE 1 
Water Consumption in Various Cities. 
Consump- 
tion per Percent- 
City YEAR PoPrutLa- Capita age of 
TION (Galls. Metered 
Daily) Service 
Philadelphia, Pa..... 1905 1,438,000 227 1 
St. Louis, Mo....... 1908 685,000 101 7 
Minneapolis, Minn . . 1907 300,000 59 71 
Cincinnati, Ohio..... 1905 340,400 130 12 
Milwaukee, Wis... .. 1907 360,000 93 96 
Pittsburgh, bac. .e er 1907 296,000 230 
Detroit, Mich....... 1906 377,500 160 9 
Newark, N.J.....-. 1904 290,000 105 42 
Chicago, Ill. ........ 1904 1,962,000 203 2 
Moronto, Ont: cca un 1907 287,000 118 
Kansas City, Mo... . 1905 250,000 73 46 
Watertown, N. Y.... 1908 27,000 157 
Laurence, Mass...... 1907 78,000 45 89 
_ Springfield, Mass... . 1907 83,000 120 51 
Wilmington, Del..... 1908 90,000 98 28 
Fall River, Mass..... 1905 106,600 41 97 
Lowell, Mass........ 1907 96,300 57 74 
Rochester, N. Y..... 1905 181,700 86 41 
St. Paul, Minn...... 1905 178,000 56 38 
Worcester, Mass..... 1905 128,100 75 95 
Hartford, Conn...... 1908 116,000 61 98 
Providence, R. I..... 1907 225,700 72 88 
Indianapolis, Ind... . 1905 196,000 82 10 
Louisville, Ky....... 1905 226,500 81 8 
Denver; Colo osnencc. 1908 200,000 218 
Boston, Mass........ 1907 612,600 157 5 
Washington, D.C.... 1908 . 339,400 192 15 
Cleveland, Ohio..... 1907 501,000 117 89 
‘Buttalo; Neve wean 1905 401,000 324 3 
Newey ork WINo cee 1909 4,629,310 116 


is the amount of ground water which the system will he 
called upon to dispose of. Ground water is the water that 
finds its way into the sewer through leaky walls, joints, ete. 
The amount of this water will depend upon the quality of 
the work done in building the sewer. If a sewer could be 
built perfectly water-tight, there would be no ground water 
to dispose of; but as it is hardly possible, and is not de- 
sirable, to have a sewer absolutely water-tight, particularly 
in localities where the land is flat, there will always be 
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more or less ground water to be removed. The amount 
will depend upon: (a) the character of the workmanship 
done in the building of the sewer; and (b) the diameter 
and length of the sewer. When a reasonable effort is made 
to build a system of sewers water-tight, the amount of ground 
water that finds its way into the laterals through leakage 
is variously estimated at from 10,000 to 50,000 gallons per 
mile per day; while in trunk sewers, being larger, the quan- 
tity may ve taken at 100,000 gallons (and even more) per 
mile per day. Of course there are certain seasons of the 
year when this amount may be doubled, or even quadrupled, 
for short periods of time. 


Storm Flow. The volume of water due to heavy rain- 
storms is probably one of the most important factors to be 
considered in the designing of a system of sewers, since the 
water due to this source usually appears in very large quan- 
tities within comparatively short periods of time, and, as a 
consequence, the capacity of the sewer is taxed to the ut- 
most. Should this capacity be too small, the result will be a 
flooding of basements, and general inconvenience, besides lia- 
bility of endangering the health of the community. 

These remarks apply more especially to a combined sew- 
erage system, which, as has already been explained, must 
remove both the house drainage, and the water from the 
streets. 

The volume of water directly due to storm flow depends 
largely upon the character of the street pavement, and the 
rapidity with which the water from the streets reaches the 
sewers. If the streets are well paved with a material which 
is generally impervious to water and which throws off within 
a short time practically all the water that falls upon it, the 
volume of water reaching the sewers during a heavy storm 
is apt to test their ability to the utmost to remove and dis- 
pose of it. The nature of the climate, and the rapidity with 
which the rain sometimes falls, are further factors to be 
taken into consideration. Also the character of the area 
to be drained. If this area is compact, tending to bring the 
maximum rates of discharge from all portions into the sewer 
at practically the same time, it will be necessary to figure 
carefully on this phase of the problem. Another feature 
that affects to a large extent the volume of storm water 
to be carried away, is whether or not the area to be drained 
is covered by buildings and pavements, for the reason that, 
if such is the case, practically all the rain water falling 
upon such area will find its way to the sewer. 
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Various formulae are in use for calculating the volume 
of water directly due to storm flow; but there are several 
important elements omitted in some of these formulae, which 
are therefore not considered. These are the shape of the 
area to be drained, the general arrangement of the sewers 
composing the system, and the lengths of time required fur 
the various flows to reach the different gratings or inlets 
to the sewerage system. There are, however, some formulae 
that take these elements into account. The formula most 
generally used is known as McMath’s formula for deter- 
mining the maximum amount of rain water to be removed 
by a sewerage system. This formula is as follows: 


Q=CR+YSA# 
in which: 

Q—Quantity, in cubic feet. 

C—Proportion of rainfall that will eventually reach the 
sewers after deducting losses by evaporation, absorption, and 
retention. 

R—Number of cu. ft. of water per second falling upon an 
acre of surface. Equivalent to inches per hour. 

S—Mean surface grade, feet per thousand. 

A—Area, in acres. 

The value of C is taken at 0.9 for all areas covered by 
roofs and pavements which are practically impervious to 
water. For uncovered or naked areas composed of sandy or 
gravelly soil, C—0.1; and where the soil is of a clayey nature, 
or but slightly penetrable by water, C—0.2. 

As a rule the area for which a sewerage system is to 
be designed is partly covered and partly uncovered; and, 
with a proper application of these two factors, the coefficient 
for the total area can be ascertained. 

Trautuine gives the following formula for calculating the 
rate at which rain water reaches sewers, culverts, conduits, 
etc. 


Cu. ft. per A coeffi- Ave. cu. ft. of 4] ave. slope of ground 
Sec., per __J cient ac- x rainfall per sec. x ‘ in ft per 1,000 ft 

acre, reach- cording to per acre during Mant aa er 
ing sewer judgment heaviest fall ih OE See 


The coefficient for paved streets is given as 0.75; for ordi- 
nary cases, 0.625; for suburbs with gardens, lawns, and 
macadamized streets, 0.81. Note that 1 in. of rainfall per 


hour may be taken as equivalent to 1 cu. ft. per second per 
acre. 


err = 
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Example—Assume: 


Area to be drained—2,000 acres (about 3 sq. miles). 
Average slope=5 ft. per 1,000 ft. 
Maximum rainfall—2.5 in. per hour. 


Coefficient—0.625. 


According to the above formula, the rate at which the 
rain water would reach the mouth of a sewer at the lower 
end of the 2,000 acres would be: 

0.625 X 2.5 X A/agyo 0-625 K 2.5 X .225—.35 cu. ft. per second per 
acre. 
Therefore the total volume would be: 

.35<2,000—=700 cu. ft. per second. 

To ascertain the required area of a sewer, when the total 
volume of water to be discharged per second is known, pro- 
ceed as follows: , 

W 
A=—— 
V 
Where W—No. of cu. ft. discharged per second. 
V=Velocity of water, in ft. per second. 
A—Area of sewer, in sa. ft. 

In the case under discussion the total volume of water 
discharged per second was found to be 700 cu. ft. Assume 
velocity to be 5 ft. per second, which practice has demon- 
strated to be as high a velocity as can be allowed with 
safety. Then 

700 
A———=140 sq. ft. 
5 
As the area of a sewer 13.5 feet in diameter is 143 sq. ft., this 
would allow a margin of 3 sq. ite ’ 

Old sewers built on irregular grades often have short sec- 
tions where the computed capacity is less than for sections 
above. Within certain limits, sewers will act under pressure 
at such places; and the carrying capacity of the sewer as a 
whole will be represented by the average capacity of a 
section of some length. 

From the foregoing it is to be seen that, the capacity of 
a separate sewerage system may be calculated largely from 
the daily per capita water consumption; but in the case 
of a combined system, the volume of storm water must also 
be carefully considered. In fact, the capacity of the com- 
bined system should be gauged by the maximum amount of 
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storm water it will be called upon to remove within a given 
time. In many instances the final outlet of the system, un- 
less correctly planned, may greatly lessen its capacity to 
remove the quantity of sewage it is designed for. This is 
owing to the danger of the outlet becoming submerged wholly 
or in part, during a rainy period. Especially is this the 
case when the final dischage is into a stream that has a 
high flood level relative to the district or area to be served 
by the sewer. 

When the sewer outlet is thus submerged frequently, or 
is allowed to remain submerged for any length of time, the 
main sewer will become filled with deposits, a condition 
which should be guarded against as closely as possible. 
Where the probabilities are that the outlet will be frequently 
submerged, a pumping station should be installed for the pur- 
pose of elevating the sewage above the flood level, the out- 
let, itself being closed by gates while the pumps are work- 
ing. These pumps should have a working capacity of at 
least 25 per cent more than the maximum fiow of sewage, 
in order that they may be able to handle all the sewage 
during the time that the gates are closed. 


TABLE 2 
Approximate Weights, Dimensions, etc., of Vitrified Sewer Pipe. 
“STANDARD” PIPE. 


Weight Depth of Annular 
Calibre : Thickness per Foot Socket Space 
3 inch V inch 7 lbs 1% inch 14 inch 
4 “ % 9 ‘ 15% <4 
5 “ 56 “ 12 “cc 134 “ 3% v4 
6 “ 54 “ 15 iis 1% “ee 3% “ 
8 a“ 34 as 23 ins 2 “ 3% “ 
‘i “ce i : 28 “ 2 “ 3% “ 
“ A ‘ 35“ 21 “ Sx 66 
12 « il “ 45 26 & 4 “ 
15 “cc 1% “ce 60 “« 2% “ % “ 
18 rs my 85 234 yy oat? 
20 13% “ 100 “ oe pe oa 1% 
a1 « 1% te 120 “« 3 “ % « 
en 150 “ 34“ wy 
o7 “ 2 ce 994 “ 4 = ins 3 ‘“c“ 
30 “ 2% 73 952 3 4 « 34 «ce 
33 “ce 24% a 310 igs 5 “a 14% “ 
Soe 244“ 3501 gal epee 1% « 
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“DOUBLE-STRENGTH” PIPE. 


Weight Depth of Annular 
Calibre Thickness per Foot | Socket Space 
15 inch 14% inch vhs Ibs. 21% inch Y inch 
18 “ 1% “ Tig 234 its 4 4c 
20 “ 1% “ 138 ce 3 “cr 7) “ce 
21 * 134 “ 148 “ 3 “ “ 
22 “ ie “ 157 “ce 3 “ me “cc 
9A “ 2 “ 190 “cc 3 “ec “ 
27 “ 244 “ce 265 “cc 4 “ 34 “cc 
30 “ce 24% “ 290 (zs 4 “ 34 “cc 
33 “ 25% “ee 335 “ 5 ““ 1% “cc 
36 “ 234 “cr 375 tas 5 “ee 1% (79 


PIPE WITH DEEP AND WIDE SOCKETS. 


“Standard.” 

Weight Depth of Annular 
Calibre Thickness per Foot Socket Space 

4 inch VY inch 10 lbs. 2 inch Y% inch 
5 ““ 5 g “ i? (a3 2% igs 54 “ 
6 “c 58 “ 16 igs 2% “ 58 “ 
8 “ “ 25 “cc 234 “ % “cn 
10 “cc i“ “cc 37 (73 234 6c 5% ce 
12 “ “ 45 “cc 3 “ 5% “ce 
15 “ce 1% “ 70 ““ 3 igs 54 “ce 
18 “ 14 “ 90 “cs 34 a3 58 ce 
20 Nea 115 St 3 “ % “ 
21 “c 1% “cc 130 “ 354 “c 5% “ce 
22, ““ 15% “é 145 iss 334 “ 5% “ 
94 “ce 154 ““c 150 “cc 4 “cc 54 “cc 

“Double Strength.” 

Weight Depth of Annular 

Calibre Thickness per Foot Socket Space 


15 inch 114 inch 75 lbs. 3 inch 58 inch 
i! «< 5% “ 
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MATERIALS FOR SEWER CONSTRUCTION 


The most common material used, up to the present time 
for sewers of 24-in. diameter and under, is vitrified tile. In 
some instances, it is used in sewers of 36-in. diameter. 

The accompanying table (2) gives the approximate 
weights, dimensions, and other details in connection with 
“standard” and also “double-strength” sewer pipe, from 3 in. 
up to 36.in. in diameter. 

BRICK SEWERS 


Brick sewers on slopes that produce greater velocities 
than 7 to 8 ft. per second wear rapidly on the bottom. A 
slope of more than 6 ft. per 1,000 ft. will produce such 
velocities in sewers of 48-in. diameter; and a slope of 4 ft. 
in 1,000 ft. will produce the above named velocities in 72-in. 
sewers. 

The materials required for the construction of brick 
sewers can be determined by use of Tables 3 and 4 for cir- 
cular sewers, and Table 5 for egg-shaped sewers. 

The cost of brickwork laid in sewers ranges from $10 to 
$15 per cubic yard. 

Table 7, compiled by G. H. Brown and published in 
“Municipal Engineering,” shows the number of brick required 
for circular sewers with different thicknesses of joints. 


TABLE 3 


Materials Required for Circular Sewers One Foot in Length 
and Four Inches or One Ring Thick 


(Brick 814x4x2% Inches) 


Diameter of Sewer. feet................sceeee 2 2%] 3 Sui 4 5 

WNumber.of Bricks 0. tp cc ccceuestiecwoteet 42 | 53 | 68 | 73 | 88 | 105 

Barrels of Cement per 100 linear feet.........] _9 il 13 15 17 20 

Barrels of Sand per 100 linear feet......-.... 18 22 26 80 84 40 
TABLE 4 


Materials Required for Circular Sewers One Foot in Length 
and Eight Inches or Two Rings Thick 


(Brick 814x4x2%4) 


jo ee 
oOOleGllNeeenneaeeS _—a—aaaaoaeeaemms 


Diameter of Sewer, feet.....seesseeseees 2 | 2%] 3 | 8%) 4} 5) 6 | 8 | 10° 
Number of Bricks..‘0...0cssseeeeeseeees 115 |150 {170 |195 |215 |230 305 305 43 
Barrels of Cement per 100 linear feet..| 17 | 19 | 22 | 25 | 27 | 34 60 


Barrels of Sand per 100 linear feet..... 34 | 38 | 44) 50 | 54] 68 0 120 0 


—_—a 
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TABLE 5 


Materials Required for Egg-Shaped Sewers One Foot in 
Length and Eight Inches or Two Rings Thick 


(Brick 814x4x21%4 Inches) 


Inside Dimensions, feet.....+++- Faeeosocd | 7% & 2 ata z = os Fy = 

Nn nN N N of co —= |] 
ee SS SS ee ee ee eo ee 
Number of Bricks........-.--+s++gsteeeee 145 |160 |170 |178 |185 |205 |235 |260 |315 
Barrels of Cement per 100 linear feet....| 19 | 21 22 | 23 | 25 | 27 | a4| 38 | 42 


Barrels.of Sand per 100 linear feet.......| 38 42 | 44 | 46 | 50 | 54 | 68 | 76 | 82 


ee 


Table 6 gives least velocities and grades for drain pipes 
and sewers in cities, in order that they may under ordinary 
circumstances keep themselves clean, or free from deposits. 


TABLE 6 


Velocities and Grades in Sewage Drainage 
(Wicksteed) 


Diameter Velocity in Grade Grade—Feet 
in Inches Feet per Minute lin. per mile 
7 eS SSS SSS 

4 240 36 146.7 

6 220 65 81.2 

7 220 76 69.5 

8 220 87 60.7 

9 220 98 53.9 

10 210 as, 44.4 

11 200 145 36.7 

12 190 175 30.2 

15 180 244 21.6 

18 180 294 18.0 

pil 180 343 15.4 

24 180 392 118343) 

30 180 490 10.8 

36 180 588 9.0 

42 180 686 fall 

48 180 784 6.8 

54 180 882 6.0 

60 180 980 5.4 


Flush-Tanks. Table 9 gives the number of common-sized 
bricks required for the construction of flush-tanks of yarious 


sizes. 
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TABLE 7 


Number of Brick in Circular Sewers 


(Size of brick, 2144x4x8% inches. Joints 14 inch, except be- 
tween rings % inch) 


Inside Diameter 


(Inches) 1 Ring 2 Rings 3 Rings 
24 37.6 89.0 155.0 
30 47.0 108.0 183.0 
36 56.4 126.9 + 211.4 
42 65.8 145.8 239.8 
48 75.0 164.0 267.0 
54 84.6 183.1 296.1 
60 94.0 202.0 324.0 
66 103.0 220.5 351.5 
72 112.8 240.0 380.0 
78 122.0 258.0 408.0 
84 131.6 276.6 436.6 
90 141.0 296.0 465.0 
96 150.0 312.0 490.0 


(Size of brick 214%4x4x8% inches. Joints % inch, except be- 
tween rings % inch) 


Inside Diameter 


(Inches) 1 Ring 2 Rings 3 Rings 
24 35.4 84.0 146.0 
30 44.2 101.7 172.7 
36 53.1 119.4 199.0 
42 62.0 137.2 225.7 
48 70.8 154.8 252.3 
54 79.7 267 278.7 
60 88.5 190.5 305.5 
66 97.5 208.5 332.5 
12 106.0 226.0 359.0 
78 115.0 244.0 386.0 
84 124.0 261.0 411.0 
90 133.0 279.0 438.0 


96 141.5 296.5 464.5 


Table 8, gives quantities of cement, sand, and of cement 


mortar for sewer-pipe joints, for each 100 ft. of sewer, (Port- 
land cement, 875 lbs. net per bbl.). 


: 
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TABLE 8 
Cement, Sand, and Cement Mortar for Sewer Pipe Joints 
Prepared by J. N. Hazlehurst, C. E. 


PROPORTIONS: 1 CEMENT TO 


Size of | Length, | Mortar, 1 Sanp 2 SanD 
Five, eo Fake Ce- Sand, | No. Ft.| Ce- Sand, |No. Ft. 
ree | eS tae eok b Bailie \ovaeds | Cokes 
6 2% | 0.003 |0.01248/0.00201) 803 |0.00855]0.00252] 1168 _ 
8 214 | 0.038 |0.15808|0.02546| 633 |0.10830|0.03192| 923 
10 234 | 0.058 |0.24128|0.03886) 410 |0.16530]0.04872| 605 
12 234 | 0.089 |0.37024|0.05963| 270 |0.25365|0.07476) 394 
15 234 | 0.123 |0.51268\0.08241| 195 |0.35055|0.10332) 285 
18 234 | 0.167 |0.69472|0.11189| 144 |0.47595|0.14018] 210 
20 2% | 0.237 |0.98592|0.15879} 101 |0.67545|0.19908] 148 
24 234 | 0.299 |1.24384[0.20033| 80 |0.85215|0.25116] 117 
27 3 0.492 |2.04672|0.32964| 49 |1.40220/0.41328| 71 
30 3 0.548 |2.27968|0.36716| 44 |1.56180|0.46032| 64 
36 3 0.849 |3.53184|0.56883| 29 |2.41965/0.71316| 41 
TABLE 9 


Number of Bricks in Flush-Tanks 
(12-Inch Walls—Brick SY x4x2% Inches) 


DeptH, IN FEET 


InsipE DIAMETER 


(Feet) 5 6 7 8 9 
4 1,124 1,344 1,560 1,780 2,000 
5 1,417 1,680 1,940 2,200 2,460 
6 _ 1,820 2,440 3,060 3,680 4,300 


Manholes. Table 10 gives the number of common-sized 
bricks required in manholes construction. 


TABLE 10 
Number of Bricks in Manholes 


Hercut, IN FrEer 


DIAMETER 
ee Beat 4 5 6 7 10 12 15 20 


3% 677 835 980 | 1,125 | 1,555 | 1,845 | 2,279 | 3,007 
4 740 330 | 1,030 | 1,180 | 1,625 | 1,948 | 2,410 | 3,180 
414 330 | 1,040 | 1,190 | 1,370 | 1,910 | 2,270 | 2,826 3,730 
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FARM DRAINAGE 
A system of farm drainage may be laid out by placing a 
main ditch as near the center line of the field as possible, and 
then having side drains enter this from various directions. 
These side drains should reach out to all portions of the field 
that need drainage service. 


TABLE 11 


Acres Drained by Different-Sized Drain-Tile 


(Tile laid at different grades—Grade indicated in ft. per 
100 ft.) 


GRADE SIZE OF TILE 


Approximate figures, based on 36 in. annual rainfall. ; 

Another system often used consists in locating the various 
branch lines parallel with each other, and finally converging 
near the outlet, gridiron fashion. Soil water enters the tile, 
both between the abutting joints, and through the porous 
walls. It is neither necessary, nor desirable to leave a space 
between the ends of the tiles that water may enter, as such 
space gives free passage for roots, sediment, etc., to enter 
and clog up the tile. 


Cost of Tile Drainage 


Drainage outlets constructed for a farm or a district cost 
various sums per acre of land, depending upon the nature of 
the outlet and of the area in the district benefited. The price 
for excavating a large ditch varies from 8 to 14 cents per cu. 
yd. This may make the cost per acre as low as $1 or, in ex- 
ceptional cases, $15 or more. Not many outlets, however, 
cost over $4 for every acre of land drained. Of course, if 
an adequate outlet is already present, this part of the expense 
is eliminated. 

The cost of tile drainage is influenced by the price of tile, 
the transportation expenses from the factory to the farm, the 
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cost of digging the ditch, laying and priming the tile, and 
filling the ditch. The price of tile varies with the section 
in which it is manufactured. In Ohio, Indiana, Illinois, and 
Iowa, where most of it is made and where the competition is 
strongest, the price is the lowest. In the East, where the 
manufacturers sell just low enough to compete with the de- 
livered price in the Middle West, the cost is higher. Southern 
prices are practically the same as in the East; while in the 
far West, tile are higher than in any other part of the 
country. Most factories sell tile by the thousand feet. In 
the Middle west, the following prices of the various sizes 
prevail: 


Size Price per 1,000 Feet 
ETE 1 Wein Ae, Rei ORC eG SIDin-o ohicacte ate $13 to $16 
MTG TA ML ae cherokee aie. s « ahaveteisa av obieaeetensts UN ee 
GC Meme ns lcs ic, pins, 62 sispouritioutepaesaotetaiers Pe Fey 
TANTO UM Per Seton on es, ate ie ares o) oleneetann ast oX 34 “ 48 
RUA TT Hams ae aetna tiie: toucl. 7s gk syauioheh auntie okuvsnatel evetis 48 “ 60 
TOM TAVeINe ees Gin tera REIOIe IO Ie Oro Oo. he Ono a CO) 2 a) 
O11 TAME to eee airs 5. ra) aiioaey loc orecioneh hens 90 Fee 0 


Prices in the East and South are about 50 per cent in ex- 
cess of these, while in the far West they are about 70 per 
cent higher. 

The expense of transportation is determined by the dis- 
tance tile are shipped, and the cost of hauling them from 
the station to the farm. 

Digging the ditch and laying and priming the tile, are 
usually figured as one operation. This is done either at so 
much per rod, or by the day, the former being the more com- 
mon practice. The price of the work and the amount ac- 
complished per day are affected by the size and depth of the 
tile, the character of the soil, and the skill of the workmen. 
The work is cheapest in the Middle West, while higher rates 
prevail in the East and South. A skilled workman—one who 
digs rapidly and is capable of making the bottom—gen- 
erally earns from $2 to $3.50 a day. Unskilled laborers may 
be secured for $1 to $1.50 a day. On ordinary soils in the 
Middle West, the average capacity of a good workman with a 
3-ft. ditch, and not over 5-in. tile, is 10 rods a day. In the 
East and South, sometimes, on account of the character of 
the soil, the capacity of a man is from 4 to 8 rods, with the 
game depth and the same size of tile. An average price in 
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the Middle West for a 3-ft. ditch is from 25 to 30 cents per 
rod with 4- or 5-in tile, 35 to 40 cents for 6-in, and 59 cents 
for 8-in. For ditches deeper than 3 ft., the price usually in- 
creases at the rate of 1 cent per rod for every additional 
inch in depth. Ordinarily, however, the price is figured on the 
average depth of the entire ditch. The ditch can be filled 
with a plow for 3 cents per rod, and sometimes for 2 cents. 
When done by hand or with a scraper, it is much more than 
this. 

The cost of drainage per acre will, in addition to these 
factors, depend on the tile required. If laterals are laid 100 
ft. apart, it will take 436 tile for every acre, in addition to 
the tile needed for the main and sub-mains. If 4-in. tile at 
$20 per thousand, including transportation, are used, the tile 
would cost $8.72. The cost of digging the ditch and laying 
and priming the tile, at 30 cents per rod, would be $7.93; and 
the filling, at 3 cents per rod, 79 cents. Thus the cost per 
acre, exclusive of the mains, sub-mains, and outlets, totals 
$17.44. With closer laterals or larger tile, of course, the cost 
will be greater. However, where land does not require 
thorough drainage, the maximum benefits may be obtained 
with an expenditure of $7 or $8 per acre. The cost of drain- 
age is therefore a problem in itself, and must be determined 
for the locality in which it is done, 


Miscellaneous Information 
and ‘Tables 


WAGE TABLES 


Table 1 (p. 766) shows a method of calculating wages with- 
out using the ordinary method of multiplication. The table 
will read directly for certain numbers of hours and rates of 
wage; but almost any combination of hours and rates of 
pay may be obtained from the table by simple addition. 
Thus the table may be used as a means of determining 
amounts first-hand, or may be used to check calculations 
made by multiplication. Several examples will be given to 
show the method of using the table. 

If, for example, it is desired to find the amount due for 
6 days work of 8 hours per day at 50 cents per hour, the 
48-hour column will show $24.00 if the 50-cent line is read 
across the table. 

What would be the amount due for 8 hours work at 
871%, cents per hour? 

Finding the 8-hour column at the top of the table, refer 
to the left-hand column under 20, 17, and %. Tracing these 
lines across to the 8-hour column, it is seen that the amounts 
to be added together are $1.60, $1.36, and .04, making a 
total of $3.00. 

If it is desired to find the amount due for 5214 hours 
at 6214 cents, the method to be followed would be to divide 
the 52% hours into 50, 2 and %. Also divide the 62% into 
50, 12, and %. Place a rule, blotter, piece of paper, or 
anything with a straight edge, on the 50 cents per hour line 
at the left, and, reading across the table, set down on a 
piece of paper the values under 50 hrs. ($25.00), 2 hrs. 
($1.00), and 1% hr. (.25); then, placing the rule on the 12 
cents per hour line, read the values under 50 hrs. $6.00, 2 
hrs. (.24), and 1% hr. (.06); next read the same values along 
the 14 cent per hour line—50 hrs. (.25), 2 hrs. (.01), and 
% hr. (.00). Adding these different amounts, the result is 
$32.81. 


Rate of Wages per Hour in Different Building Trades 

Table 2, compiled by BE. M. Craig, Secretary of the Build- 
ers’ Association, Chicago, Il]., shows the rates of wages, per 
hour, being paid (July 1, 1913) in the building trades in 
various cities of the United States and Canada. 
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APPROXIMATE COST OF HOUSES 


An ordinary house, 26 by 40 ft. on the ground, and 30 ft. 
from the bottom of *ue cellar floor to the top of the roof, 
would contain 1,040 sq. ft. or 31,200 cu. ft. An architect, 
figuring roughly on such a house, would place the cost at 
about $3.00 a sq. ft. or 10 cents a cu. ft. The house in. 
either case would figure out about $3,120. This, of course, 
is based upon plain inside work, without any fancy equip- 
ment. It would include sufficient windows and doors to 
make the house light and comfortable. The rooms would 
be of the ordinary standard size for such a cottage, and 
the whole work fully up to grade. It would represent the 
ordinary good house, such as we find constructed in great 
numbers in different parts of the country. 

The price of lumber and labor in some localities might 
make it possible to bring this price down. It is possible 
to build such a house, with two stories plastered and the 
third story or attic left unfinished, at a cost of 9 and pos- 
sibly 8 cents a cu. ..; but to secure this, some of the com- 
forts and conveniences of the ordinary house would have to 
be omitted. There could be a saving made in the quality 
of the lumber, shingles, hardware, and plaster; but it would 
hardly be wise to adopt such a course unless the inferior 
material used was plainly stated to the owner in advance. 
Frequently owners who know nothing about the quality of 
building material are deceived by architects and builders 
who dishonestly say that the cheaper house is “just as 
good.” It is wiser to be frank with the owner, and ex- 
plain patiently the difference in the work. In the end the 
reputation of the builder will be safer. : 

On the other hand, to run the price up to 12 or 15 cents 
a cu. ft. ig just as easy. That means more comforts in 
the interior, more elaborate trim, superior grade of walls 
and ceilings, and better equipment generally. The tendency 
of some to save by decreasing the size of a house, is a mis- 
take too often made. Other things being equal, the larger 
a house is built, the less it will cost per cu. ft. Large, 
commodious rooms are more to be desired than small, cramp- 
ed ones. Unless more elaborate trim and equipment are 
placed in the larger house, its cost should show a relative 
decline per cu. ft. over the small structure. With no more 
angles, bay windows, doors, and roof hips to build, the cubic 
foot cost is increased only so far as actual plain work is 


(Continued on page 774) 
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concerned. Figuring on a house of the above size, and of 
another 40 by 50, with the same interior trim and equip- 
ment, should demonstrate to an owner that a commodious 
house is the better investment where land is ample and un- 
restricted. 

Porches, piazzas, and elaborate plumbing and heating sys- 
tems are the luxuries which most house-owners stumble upon, 
and they invariably blame the builder in the end for what 
they consider exorbitant cost. Estimates of different kinds 
of plumbing and heating should therefore be made separately, 
so that the owner can get just what he contracts for. Here, 
too, honesty of representation is the wisest policy for the 
builder or architect. It is a fatal mistake to recommend 
an inadequate heating plant for a building, simply for fear 
that a higher-priced one will frighten the owner. If, after 
a free, dispassionate presentation of the facts, the owner 
wishes to adopt the cheaper system, the risk is his and not 
that of the builder or designer. 

While estimates on a simple small cottage may thus vary 
from $3 to $5 per sq. ft., omitting porches, a brick house 
can be built for prices ranging from $5 to $6 per sq. ft. 
A fair brick veneer might be constructed for $4 per sq. ft., 
omitting porches, and finishing off only the first and second 
floors, with a fair cellar floor and walls. Bricks of the bet- 
ter class have advanced in price so that a house built ten 
or even five years ago at a cost of $10,000 would more 
than likely cost $13,000 today. The cubic contents of a brick 
house can be estimated at 14 to 22 cents per cu. ft. These 
figures represent the extremes. A house costing 22 cents 
per cu. ft. should have rather elaborate equipment and fin- 
ish, while one constructed at a cost of only 14 cents would 
have to be skimped in many ways. The quality of the bricks 
used, and the current wages of masons in the particular 
locality, are factors which enter greatly into the question, 
and must be settled in each individual case. 


Comparative Cost of Stone, Brick, and Wood Houses 


Combinations of brick and lumber naturally increase the 
difficulty of advance estimates. A house with brick walls, but 
a shingle roof and wooden bay windows, should cost a 
little less than a house of bricks throughout, but much de- 
pends upon the number of angles and curves in the. struc- 
‘ure. Where the house is designed on plain lines so that 
the turning of many corners is avoided, the cost can be kept 
within reasonable limits.. A brick-veneer house is a very sat- 
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isfactory structure, and this combination is being used very 
extensively. 3 

A stone house costs the most; and it is only by com- 
bining stone with wood that economy can be obtained so 
as to bring the final cost of the stone house anywhere near 
that of the brick one. One of the factors in stone houses 
is the cost of handling the heavy blocks. While a_ brick- 
mason can handle his bricks easily without machinery, or a 
carpenter can depend almost entirely upon hand power for 
putting his frames together, the workman with stone must 
resort more or less to hoists and derricks to get his heavy 
blocks in position. There is apparently no way to overcome 
this difficulty, and stonemasons cannot facilitate their work 
by any device. The cost of rough stone, even in the most 
favorable locations, is in advance of bricks, and the cost 
of construction does not vary much from year to year. With 
the combination of lumber with stone, however, some very 
handsome houses have been constucted at 22 to 25 cents per 
cu. ft. 


Stucco work is popular. This is combined with many 
kinds of materials. Stucco and shingles on a wooden frame 
have proved very satisfactory in some towns, and at a cost 
of 20 cents per cu. ft. A stone house of equal refinement 
and construction would probably cost upward of 30 cents per 
cu. ft. Houses of stucco on frame, costing 25 cents per cu. 
ft. are quite common, but local conditions may increase or 
decrease this cost. 


A brick and plaster house is another improved method 
of construction that gives very pleasing and durable effects. 
With walls of frame, sheathed and veneered with brick and 
stucco, a house can be constructed for 20 cents per cu. ft. 
if the lines are plain and simple and no elaborate inside trim 
is attempted. A brick and plaster house costing 24 cents per 
cu. ft. permits of some rather elaborate interior trim and 
equipment. 


It will be seen from the foregoing that the question of 
estimating in a rough way on the relative cost of different 
types of houses is one that depends upon local conditions, 
the price of labor, and the character of the interior trim, the 
heating and plumbing systems, and other equipments. Nev- 
ertheless, with a little care, a builder or architect can give 
his client an estimate that will in the end approximate quite 
closely the actual cost; but to do this, he must study mod: 
ern conditions and changes closely and carefully. 
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RELATIVE COSTS OF DIFFERENT TYPES OF CONSTRUC- 
TION IN DIFFERENT PARTS OF THE COUNTRY 


Assuming a certain type of house, built at a certain cost, 
and located in a certain section of the country, it will be in- 
teresting as well as helpful to the estimator on houses of 
every type built anywhere, to know just how much another 
house built from the same plans would cost anywhere else 
whether the same or other types of material were used. A 
comparative statement of costs of this nature, compiled by 
Mr. H. W. Butterfield, was recently published in “House and 
Garden.” 

The house selected as a basis of comparison was an ordi- 
nary, good, substantial house, including all the conveniences 
and arrangements suitable for the average family without any 
special features or elaborate details, of thorough construc: 
tion, built of first-class materials, and complete with the ex- 
ception of the lighting fixtures, which will range from about 
$50 up to any amount one is willing to pay. 

Plans and specifications for this house were sent to archi- 
tects in different typical sections of the country, with the re- 
quest that they submit estimates of cost for such a house if 
built in their locality from various materials. Their replies 
were carefully, averaged; and the figures, both lump and per 
cu. ft., are tabulated as follows: : 


Cost of Typical House 


New York City (suburban)............... - -$4,300.00 
Per cabic foot Irame” on. cee eee tas 17 cents 
Per’ cubie-ioot prick... <2 soe eee ees 21% cents 
Per’ cubie foot Stone’. s.ccc. sce tees 2216 cents 
Stucco: on metal lath ee eee ee eee S 18 cents 


Vicinity of Philadelphia, 10 per cent to 15 per cent less 
than near New York. 


Maln@s ence ccs c.ctn ote ote te ne as eeermerce $3,400.00 
Per cubic foot rane a False Eee Oe 14 cents 
Pericubic foot brick ©. see eee: 17 cents 
Per cubicwoot: stones... sek eee ee 20 cents 
Stucco tontmetalilathe secre eee cc 15 cents 


In the Southern New England States, the cost would be 
slightly in excess of the above. 
Middle South (Kentucky, Maryland, etc.) ...$3,000.00 


Per-cubic footirames ..2 eee ee ene 10 to 12 cents 
Perycubic) foot bricke.. ee eee 12 to 14 cents 
Per cubie foot stoner. aneeee eee 15 to 20 cents 


Stucco! on metal! lath’-e eee as 11 to 14 cents 
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Chicagamuvicinity sot) pan tents me Ae 6 eerie $3,800.00 
ber cubie Toot, frames, tite an dost.-c 15 to 16 cents 
Perecubic.f00t (prick?..v ect. siasae, 2 oh 18 cents 
er cubic foot sstonies sens clack eo 20 cents 
Stucco jon smetal lath bes a. as 16 to 17 cents 

Middle Western States (such as Ohio, Michigan, 
Iowa, and Wisconsin) ...... $2,550.00 to $4,000.00 
Per cubiesoot: frames aecia.ceen.. 10 to 17 cents 
Per eubie foot brick .._.........1236 to 20 cents 
Perscubicstoot StONnGws. a weed, 16 to 25 cents up 
Per cubic foot stucco on metal lath.......... 

eRe arisite dani s eli ox.sts verter iene manera eee 12 to 18 cents up 

Pacific Coast (Northwest) ...... $2,000.00 to $3,200.00 
Per cubic foot, frame... see eee 8% to 13 cents 
PencupiCelLOOt TICK mat cee cee 9% to 14 cents 
Perecupic oot Stone! seme eee: 14 to 16 cents 
Per cubic foot stucco on metal lath 9 to 14 cents 

Colorado (average) ............ $3,100.00 to $3,200.00 
ECIICIDIC 1O0tLralMmOu.wce a cee ates 12 cents 
I S,0 «Ol Ve) Boel eal igen Mal Wat AD olde OO. Oe 14 cents 
Pere cupicEtoot stone sens nein. ace 15 cents 


Per cubic foot stucco on metal lath.... 13 cents 
Southwest (Arizona and New Mexico)........... 
veers teve Watete herds 4,8 :0s8; chek fonareds $2,900.00 to $3,000.00 


Perscole foorntramleun: abies nei oe 12 cents 
Perenvic oow rick a2 as cere 13% to 14 cents 
EPCrecupic, 1OOLaSLONe #2 rieiicieenresete 16 cents 
Per cubic foot stucco on metal lath.......... 
ReNaroveistoneisioisis fans a oreierorarePelaenotarsie 13% to 14 cents 


Analyzing these figures, we find that building costs are 
highest in New York and vicinity, and lowest in the Pacific 
Coast Northwest. 

Labor and Materials are the two great dominating factors 
in these sections—as, in fact, theyare everywhere. In some 
places, labor plays the more important part, wages being 
high and hours short. 

In the vicinity of New York City, union labor is well or- 
ganized and the mechanics receive the maximum wage for 
the minimum number of hours. In central and western New 
York State, carpenters and masons get a modest wage, and 
some materials, requiring a long haul, are expensive. The 
lumber sections of the Northwest and some parts of the 
South give a plentiful supply of cheap material; and where 
labor’s demands are not high at the same time, we find here 
the most favorable conditions in which to build cheaply. 
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Prices, however, may vary in each section. An example 
in illustration of this is found in two houses built recently— 
one in Flushing, Long Island, N.. Y., and the other in New 
Jersey. On Long Island the cost was 10 per cent less than in 
New Jersey. Transportation had much to do with this 
variation. The distance material is hauled is a strong factor 
in determining its cost to the consumer. It is therefore al- 
ways wiser, apart from aesthetic reasons, to build with 
native materials. 


BUILDING COSTS IN CITIES 


As regards cost of building construction, New York City 
stands first, with San Francisco second, among American 
cities. In the latter, the high rates are due to the conditions 
that govern the labor market; in the former, the difficulties 
are due to complexity of building laws. 

In discussing this subject and that of simplifying legal 
building requirements, a writer in a recent issue of the 
“Record and Guide” gives some rather intersting figures show- 
ing the cost per cu. ft. of construction in several of the lead- 
ing cities. In New York City, construction is about 2 cents 
a cu. ft. higher than in San Francisco; while in San Francisco, 
construction costs run from 12 to 15 cents more than in 
other cities similarly situated with regard to shipping and 
railroad facilities. As a matter of fact, construction in both 
New York and San Francisco should be lower than in Chicago, 
Denver, and New Orleans, yet the range of cost for average 
buildings in American cities is as shown in the accompanying 
table: 

Construction Costs in Various Cities 


‘ City Cents per Cubic Foot 
New York (Greater), N. Y. .....--.. 23 to 28 
San. ETancisco,ia, Cal... jn. sce eeee eee 21 to 26 
Chicago til \oa.-ds.<ieitere ee ee oe 20 to 25 
IOStONSS MASS lal iecuch cards att SeMeceer eee 20 to 23 
Pittsburehs Pa. nic <2 eo eee 20 to 22 
New, Orleans, «dua. is a5 txce eee ee 19 to 20 
Oakland... Gali vat sates uek ii cage cere: 18 to 21 
Dean Vie yy Col 2a «dati eso eterno ea oiete 18 to 19 
New. Haven,..Conn... 0... ccs smacks 18 to 19 
Philadetphias Pav t.n6 «cree stele yee 16 to 18 


From the above it is apparent that the local operator in 
Greater New York has to pay more for the legal require- 
ments imposed upon his contractor than do operators in other 
cities, due allowance being made for the fact that union 


+ an mma 
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wages are higher in New York and in San Francisco than 
they are in any other city. 


RELATIVE COST OF BUILDING MATERIALS 


The report of the Committee on Fire Protection of the 
Boston Chamber of Commerce included some very interesting 
figures on the comparative cost of frame and brick construc- 
tion for dwelling houses. The conclusion was that the 
slightly greater cost of brick, which averaged under 10 per 
cent more than frame, was more than offset in a few years by 
the lesser cost of maintenance and insurance and by the 
greater comfort and durability of the structure. The report says 
that when lumber was cheap and brick was more expensive 
than now, the idea became general that the cost of brick as 
compared with frame was almost prohibitive; and this con- 
tinues, although the conditions have changed so radically that 
the cost is now little more and the ultimate cost ‘is less. 

The purpose of the investigation was to encourage the use 
of brick and non-combustible, interior construction for the 
purposes of fire prevention, and this form of building was 
very strongly urged by the report. Bona fide bids were sec- 
ured from five different contractors of good reputation on the 
cost of the construction of dwellings of brick, wood, cement, 
and hollow blocks, the houses to be the same in every par- 
ticular except the outer walls. Bids were secured on a mod- 
ern, 8-room house of good design and excellent arrangement, 
such as is frequently built in and about large cities; and on 
these bids of the five contractors varied comparatively little. 
Accordingly the average was taken as a fair test of the prac- 
tical cost, the contractors including their profits in all cases. 
The average bid for the various types was as follows, the 
second column showing the percentage of excess cost of each 
type over the clapboard type: 


Clappeard west sui. SAA Bie Aohti. th $6,759.95 .0 
UIT PIES Metts siesta olsen tide sid oe ste 6,868.80 1.6 
Ole DOriCks Wall, UOllOW. «see sete 7,372.48 yea} 
12-ine LICK wall, SOL >. % sr < 41500 7,641.00 . 13.0 
Stucco: on hollow. biock.’.....: -..... 7,187.65 6.3 
Brick veneer on hollow block...... 7,483.16 10.7 
SRICCOMOMM TAT! files). + <cusertermers 6,952.90 2.9 
Brick veneer on boarding......... 7,226.44 6.9 
Brick veneer on studding......... 7,153.98 5.8 


The committee corresponded with contractors in various 
parts of the country in making up its report, and found from 
them that brick buildings were commonly estimated to cost 
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10 per cent more than frame, while brick-veneered buildings 
could be put up in many sections for 5 per cent more than 
the cost of frame buildings, the difference in cost being usually 
more than offset by the lessened insurance premium. In the 
same way, estimates were secured on annual cost of main: 
tenance, including depreciation, for frame and brick dwellings; 
and it was found that the frame dwellings cost 26 per cent 
more for maintenance and depreciation than the brick dwel- 
lings. 
METHODS OF RAPID ESTIMATING 


Very often it is desirable and important to be able to 
give a quick but fairly accurate estimate on some proposed 
piece of work for which nothing but “rough idea’ sketches 
are provided. To assist the contractor to this end, par- 
ticulars of work already carried out by him are of the ut- 
most importance, and a form of record like that shown in 
Table 3 is recommended. 


As it is usually only in buildings of small size that con- 
tractors are called upon to tender without quantities, these 
remarks apply only to such structures. In dealing with 
No. 3 column in the record, the number of cu. ft. is ar- 
rived at by multiplying the length of the building by the 
breadth, and then by the height from bottom of footings 
to half-way up roof, disregarding buttresses, chimney stacks, 
dormers, etc. The ordinary cubing is assumed to inelude 
drainage of average extent and character, and average-priced 
grates, mantels, and finishings. But, as the price per cubic 
foot is of small value unless one knows the character of 
the building, the contractor should insert, in the space left 
for “Remarks” (10), particulars of finishings, materials, and 
any unusual features there may be. Boundary walls, en- 
trance gates, and such like should be excluded, and the price 
of them stated in the remarks. Other elements which affect 
the price per cubic foot are very small or very large rooms. 
the utilization of the roof space for rooms, ete. Small build- 
ings cost more per cubic foot than large ones, the finish- 
ings being of similar character. 

No. 4 column in the record indicates a very useful item, 
and may be arrived at either by squaring each floor, includ- 
ing walls, or by measuring each room, also areas of pas- 
sages and stairs, and adding to the total 1/5 of the whole 
for walls and waste. 


In No. 6, the brickwork is all reduced the sq. yd. 9-in. 
thick, including half-brick partitions; but a note should be 
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made as to whether there is much stud partitioning, and 
whether the openings are particularly large or numerous. 

Having the particulars before him, the contractor is in a 
position to arrive at least at a closely approximate value of 
a building of average size, character, and finish, and may 
adopt either of the four following methods: (a) At so much 
per cubic foot; (b) at so much per square; (c) at so much 
per room; (d) so much per yard of brickwork. 

Of these methods, a (column 3) is perhaps the most com- 
mon, the measurements being taken from the bottom of foot- 
ings to half-way up the roof. Yet in some respects it is 
the least satisfactory, chiefly on the ground that the figures 
dealt with are large, and any miscalculation must neces- 
sarily result in a mistake of some magnitude. 

For instance—apart from an actual error in the figures— 
in case of a pair of semi-detached houses of 40,000 cu. ft. 
the pair, the difference between 11 cents and 12 cents per 
cu. ft. would be $400, which is too large a margin to play 
with. Given the information of the above-mentioned record, 
the most satisfactory method on the whole is b (column 5). 
The pair of houses of 40,000 cu. ft. might contain 8 squares 
on each floor in each house, a total of 32 for the pair, which, 
at the price of $4,800 for the pair, is $150 a square. It 
is clear that by this method a mistake has not so serious 
results as by method a. In the case of a contractor pricing 
at either $145 or $155 a square, the result does not mean 
a severe loss.on one side, nor destroy his chance of the 
job on the other. Furthermore, there is a better oppor- 
tunity of adjustment of price by adding to or deducting from 
the price per square. 

In dealing with outbuildings of one story, it is best to 
cube these, figuring the main building only by the square. 
Boundary walls, fencing, and entrance gates must, of course, 
be kept separate in each case; and, as these are usually 
simple and easily measured, there is no difficulty about this. 

Sometimes it is the case that the house which is bid on 
is, on the whole, of ordinary materials and finish; but has in’ 
connection with it one or two troublesome or expensive par- 
ticulars—perhaps a dining or drawing room finished with 
somewhat costly fittings or with carved work. The sim- 
plest way is undoubtedly to treat the whole by the square, 
and add a sum for the particular items. 

Method ¢ (column 7) cannot be considered so satisfactory 
as the price per square method just given. It is obvious 
that the size of the rooms is of the first importance. Some 
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contractors who always arrive at their price by means of this 
method, are guided almost exclusively by the size of the 
ground-floor rooms. Having a certain price for these rooms 
of average size and height, they vary the price per room, 
according as the rooms differ from a given standard. They 
contend that the size of the upper rooms is necessarily gov- 
erned by that of the lower rooms. The particulars neces- 
sary for estimating by this method are the same as those 
for estimating by the square, and the same remarks apply 
generally. 

The, last method, d (column 9), is very simple and very 
useful; and given, as already stated, similar materials and 
finish, there is a very close connection between the price and 
the number of yards of brickwork. The only thing to be 
noted is whether the amount of stud partition is unusually 
large. It might be argued that the number of yards of 
brickwork would be no guide in the case of buildings of ir- 
regular outline; that if the house were made square, the 
brickwork, at least in the external walls, might be the same 
in both cases, yet in the case of the square house the space 
enclosed would be larger, with more floor area, and there- 
fore of greater cost. 

In answer to that, there are these conditions: For its 
size, the house with the irregular outline, has a larger pro- 
portion of external wall and external facing; the roof would 
be likely to be more expensive in labor; more cutting of 
brickwork and roofing would be required—all of which would 
compensate for the extra floor space, etc.; and the balance 
would thus be restored. 

The various methods that have just been mentioned, can 
be used only for the purpose of arriving at an approximate 
price, though this price may approximate very closely the 
value of the work. They cannot, of course, be said to com- 
pare for reliability with the proper and correct “taking off” 
the quantities of the materials and labor required. 

COST OF BUILDINGS PER CUBIC FOOT 

The cost of buildings is often estimated at a certain price 
per cubic foot of contents, basing this cubical measurement 
on the length, multiplied by the width, and then by the aver- 
age height, measuring from the bottom of basement to the 
mean or average height of a flat roof, or to the height of the 
finished portion of the attic in case of a pitch roof. All meas- 
urements are to the outside of walls and foundations. Vaults 
and spaces under sidewalks are measured as a part of the 


basement. 
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While the following costs will serve as a guide in estimat- 
ing, it should be remembered that they are approximations at 
the best, and will be affected by local prices of labor and 
materials. 

Frame dwellings with shingle roof, pine floors and trim, 
two coats of paint inside and out, without heat or plumbing, 
cost about 10 cents per cu. ft. 

Same with hardwood floors in hall and parlor, with heat 
and fair plumbing, about 11 cents per cu. ft. 

Same with hardwood floors and trim on first floor, pine 
floors and trim on second floor, heat and plumbing, good* qual- 
ity of materials, about 15 cents per cu. ft. 

Brick dwellings of same character as for frame above, add 
about 2 cents per cu. ft. for each case. 

Flat buildings or apartments of frame construction, with 
shingle or composition roof, hardwood fioors and trim, good 
plumbing, and with furnace, of good-quality material, cost 
about 12 cents per cu. ft. 

Flat buildings of brick construction cost from 15 to 30 
cents per cu. ft., depending upon the style of architecture, 
quality of material, brick or stone front, ete. 

Churches and school buildings cost about 12 cents per cu. 
ft. for frame, 14 cents for brick, and 25 cents for stone. 

Stores cost about the same as flat buildings given above. 

Fireproof flats, office buildings, and factories cost from 
25 to 60 cents per cu. ft., eee) upon the detail of build- 
ing and type of construction. 

Theaters cost about 40 cents per cu. ft. 

Mill construction for factories and warehouses costs about 
10 cents per cu. ft. 

Barns, small or medium-sized, cost about 10 cents per cu. 
ft., stalls and bins complete. For brick construction, add 
about 2 cents per cu. ft. 


COST OF FIREPROOF WALLS 
The costs of various hollow-tile fireproof walls in com- 
parison with those of ordinary construction, are indicated in 
Table 4, compiled by the Pennsylvania Fireproofing Co. 


AVERAGE DIMENSIONS OF HOUSEHOLD FURNITURE 
Beds—Single, 2 ft. 8 in. to 3 ft. 6 in. wide. 
Three-quarter, 4 ft. to 4 ft. 6 in. wide. 
Double, 4 ft. 6 in. to 5 ft. wide. 
Length of beds will vary from 6 ft. 6 in. to 6 ft. 8 in., 
inside measurement. 


oe 
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TABLE 4 


Cost of Hollow-Tile Exterior Walls 
Per square of 100 sq. ft. 


With Exterior With Exterior Without Exterior 
Cement Stucco and Plain and Interior Stucco or Interior 
Interior Plaster Plaster Plaster—Tile Keyed 
Complete : Complete Ready for Plasterer 
Wall Wall Cost 
6 in Gia Gexstelsefer avai $15.50 
CoE Ls epee Sob 18.75 
IQR S.. 6 Sateen 22.50 
aA ek ep a 24.00 
LSND eos cae 27.00 
PG. ING yao. ol eaters 29.50 


Hollow Tile with Exterior Brick Veneer 
Cost per square of 100 sq. ft. 


Tile used for this purpose sometimes called ‘‘Backing-up Block.” (Tile with 
keyed surfaces ready for direct application of plaster. Includes exterior stone 


trim.) 
Thick- Face Common 
ness of Brick Brick 
Wall Veneer Veneer 
SOUNNS ee ole state sielele tiacerstetois ei eie ern eters BBO. Ds anvatislsisicesee o Ateceske hone $26.80 
MOEN versie rave eee gheisjeiew Gein ke eee AD: OOK detectors aie tes oe ae 30.30 
DZ ATi tees lel asoin es shasForsiot wlavettelaiets, oie AG DO a sea ascts (acini dle co read stad ae te 33.55 
DANIO ee tele Lene acres acer ere oe aeien 49 OO Kna mone seeee rs Resta te 37.30 
LG AI ge tes ostors ote hers ire a hee Reema Me DOGO. hae tess MRM Ses Lae 38.80 
Partition Walls—Hollow Tile Ready for Plaster 
Bane. ge scans SLOLHO wy. Dinko eee $125800 £7 ase d. ae free a, $14.50 
AINE Sis susie ate carers UL OO" 9G UD crttontrace terete 13. LOP eS in. tke Ten ace 17.00 


Outside walls, woop FRAME construction throughout, painted exterior, plas- 
tered interior, including all labor and finish, is stated to cost about $18.50 per 
square. 


Billiard tables—4 ft. by 8 ft., 4 ft. 2 in. by 9 ft., and 5 ft. by 
10 ft. 

Bureaus—Body 3 ft. 5 in. wide, 1 ft. 6 in. deep, 2 ft. 6 in. 
high; or 4 ft. wide, 1 ft. 8 in. deep, 3 feet high. 

Carving tables—3 ft. high. 

Chairs—These vary greatly in size, so that no average can be 
given which would be of any practical use. 

Cheval glasses—5 ft. high by 1 ft. 8 in. wide; 5 ft. 6 in. high 
by 2 ft. wide; 6 ft. 4 in. high by 8 ft. 2 in. wide. 

Chiffonieres, 3 ft. wide, 1 ft. 8 in. deep, 4 ft. 4 in. high. 

Commodes—1 ft. 6 in. square on top, and 2 ft. 6 in. high. 

Couches—2 ft. 6 in. wide, 6 ft. 8 in. long. 

Pianos—Baby grand, 3 ft. 1 in. high, 4 ft. 5 in. wide, 6 ft. long. 
Parlor grand, 3 ft. 4 in. high, 5 ft. wide, 7 ft. 8 in. long. 
Upright, 4 ft. 5 in. high, 2 ft. 4 in. wide, 5 ft. 2 in. long. 

Sideboards—4 ft. to 6 ft. long, and from 20 to 26 in. deep. 

Wardrobes, 8 ft. high, 2 ft. deep, 4 ft. 6 in. wide; or 6 ft. 9 in. 
high, 1 ft. 5 in. deep, 3 ft. wide. 

Washstands—2 ft. 7 in. high, 1 ft. 6 in. wide, 3 ft. long. 
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AVERAGE DIMENSIONS OF BATHROOM AND KITCHEN 
FIXTURES 

Bathtubs—Enameled iron, roll-rim, with sloping end, lengths 
4, 414, 5, 514, and 6 ft.; width 30 to 34 in. 

Kitchen sinks—Cast-iron, enameled, 16 by 24 in., 18 by 30 in., 
18 by 36 in., 20 by 30 in., 20 by 36 in., 24 by 50 in. 
Cast-iron, plain, up to 32 by 56 in., or 28 by 78 in. 

Steel; up to 20 by 40 in. 
Porcelain, 20 by 30 in., 23 by 36 in., 24 by 42 in. 
' Average depth of above sizes, 6 in. 

Laundry tubs—Slate or soapstone, length of two-part tub, 4 ft. 
and 4 ft. 6 in.; length of three-part tub, 6 ft., 6 ft. 6 in, 
and 7 ft. Width of tubs, 2 ft. Depth of tubs, 16 in. 

Range boilers—12 in. diam. for 30-gal. size; 14 in. for 40-gal. 
size; and 16 in. for 52- and 63-gal. size. 

Slabs, Marble, for wash-basins—20 by 24 in., 20 by 30 in., 22 
by 28 in., 24 by 30 in. All slabs 1% in. thick. 

Slop sinks—Cast-iron, 16 by 16 in., 16 by 20 in., 18 by 22 in, 
20 by 24 in. All sizes 12 in. deep. 

Wash-basins—Crockery, round bowls, 10, 12, 14, and 16 in. 
diam. Oval bowls, 14 by 17 in., and 15 by 19 in. 

Enameled iron, 16 by 20 in. with 11 by 14-in. basin; 18 by 
21 in. with 11 by 15-in. basin; 18 by 24 in. with 12 by 15-in. 
basin. Height of back, 101 in. 

Waterclosets—Width of bowl, 13 in.; width of seat, 16 in.; 
height from floor to seat, 17 in.; distance from wall to 
front of seat, 23 in. 


ABBREVIATIONS FOR ESTIMATORS 


The following list of abbreviations will be found useful 
in making up an estimate. Others of a like nature may be 
originated by the estimator, for use in his particular line 
of work. 


A Bieter irc sidionns board measure 
Alt Di ne <ceeee Eee as SDELOFE Seb hick ce eae at tonenets ake battens 
LESSy ic teeth SiR ee IE ena angle ji bipmeaeekneaes- es brick piers 
ASbjINeRR eS eek Sets ashestosy pebiesite teres. satus 5 both sides 
AN fie wi. bs Beek Oe average >). bs Vile aate ain: brick veneer 

Cc 

B Guleondhe eee os us cent or cents 
Dbl. Sach nite en spoke ats barrel “cal: ees ise: calsomine 
bd G@oitieasoents bedand joint: Scsibriesses te oe common brick 
baip&: ptiifiee: bed and: point ve bees eee cement blocks 
ba. fathtik ee Salem box’ frame G.cto. Gamaece center to center 


INfefsh: Sonedusaqsoo ca: builtins pel seer terete tc srs: channel 
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Chip, dete so ab es asso d chimney 
CHE lagesue sa... 2ecast. iron 
CAs Cee oles oe ne Bia circular 
COWL. ee dai cement mortar 
CISTI cle pe cetraigts oes cement 
COM ee ae ans eto Sa column 
COWL wos aera eiae sinus common 
Ce ons alaed pbs ee concrete 
COMP.) tens e322 concrete piers 
Ce Balter oie as candle power 
CORR rc Sinte chem clin 3 Dice 2 corner 
CORB Nisa v.c¢ 55 ke ae corrugated 
Cli Ste ides oo 6 as crushed stone 
CUATE OMI Ce teh, WP oto ois 31a ne 
diag tiga 6 paste cubic foot or feet 
mn ee Ts CY a en i 
tL RAB cubic inch or inches 
D 
OO ese ste dwanec eee. double 
este Pe SS © Snel e deduct 
Ee | on oe double hung 
Giga dente iiss diameter 
CGiagee san es Asics ok diagonal 
iSite de ce. tee odin distemper 
d. p. c. ....damp-proof course 
Ct Bre7 ge ask. double-strength 
BBs re debts Oe oo a0 downspout 
d. & m.dressed and matched 
Gest Gn Beddoes oe dressed, 
Cas ae matched, and beaded 
E 
AO a Pe ee are ar eA estimate 
OME Pee cred ee dls Salers excavating 
ex. met. ....expanded metal 
F 
Lape Os eee face brick 
bd ye er eee foundation 
ET RAP ee ee feather edge 
TOS iv eis stele « free on board 
TOOT oa se cle til de ae .0eis footings 
PAD Nias tots tote she che 0 oadie fireplace 
LR aie eo lee! as furring 
EEC eee hs sinh Peiieets oun 2 framed 
f. &h. ....fill and haul away 


Lt tae fill and ram 
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G 
es iets s 5°. 0/0 1s direc? grain 
aCe Oe ee = ee eet ae gallon 
Gani cee, 365.0 0 2.3 galvanized 
i a. See galvanized iron 
H 
A eis eee oe slots 3 H-section 
EA Ee) Mee ee horse-power 
TR MS oe ne a's bo side hand-rail 
EE 0, Meee RE AA, rete hard wall 
I 
| are es Ae I-section 
LE SUM Ae Abe Bane Sete 8 inch 
| 
LE) Ut Seay Bits et ees Ape 4 labor 
lin. ft. ....linear foot or feet 
Et a eae ....lime mortar 
Es ee NS lath and plaster 
M 
14 PS AES ee Pe Bites measure 
At Ap et ad ees OSS SOE thousand 
Matlin ss seca 3 material 
Wiz bis ao Ate wists matched boards 
ripte) fe Pal |) Ato. A pam ae moulding 
NIUE Boteke = beetle multiply 
9 an "Ca i we a yn mineral wool 
N 
Men Cale ol stebtates) 3 natural cement 
NOs wccis wi ri ee stlts «3 number 
Ly IE ao eT eee geet Norway pine 
ie) 
Oe eat. round or diameter 
On Cinieinc stem ot ste e300 on centers 
Oat a erdtatsesiits.¢'S Jose's Oregon fir 
Ome c's ce ot lstete ogee style 
Pp 
Pa mereitas aaa os.dis 9 ohde Bia aia e ie paint 
Pam OR Oper oye ao. e¥e lak paving brick 
PCSaie ss = ES CPM pieces 
Ed! Cole SOR Portland cement 
PaeGeen se sents! 2'« pebble-dash 
Sead Re bah Gy iie cokes aya plain face 
BSN pte Nes rou ay 3) 25.0) os plastering 
Q 
CEB Boley aos oi quarter-sawed 
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R 
fr Civeas chen sae oe red cedar 
ML eR te ape petornCk Ooo oe os rebated 
POLE eietarsaecs kate reinforcing 
rele architec. relieving arch 
PPM Scheie eee gaye atateveke rolled iron 
Pe Ociahe tren eeve eivtaye ees) = red oak 
r.o. & p. ..rake out and point 
PS Wael as iscleis sie ee ele cere redwood 

Ss 


S-i1-S....surfaced on one side 
S-2-S...surfaced on two sides 
S-4-S...surfaced on four sides 


$-1-S-1-E..... surfaced on one 
side and one edge 
SiRGr eeeterath cts eterss surface coat 
SOQs eats. see sau ores segmental 
Suu Qa sos eceretere straight-grained 
SHG rents ce ee ere a shingles 
Sele pers sree. oe short length 
SKEL evar wah comcsot mak sack 
Sloane ei etee are avera sale etecere ore slate 
SC abe rssste's cok square or squares 
SQwot te, OFS.) Tecy sie ete oes wie ne 
stints sina s square foot or feet 
Gal Suk oss ehatonehete single-strength 
StOstrante wieaicia saeoe ners stucco 
SUD se tates ween. sub-floor 
SUDEM: stcroucetersiomicle ee superficial 
SUPT cine sk careers cries surface 
ae 


t. & g. ..tongued-and-grooved 


t. & grav. ....tar and gravel 

tLe ce rerio ee sie ons ots eferw' ais tile 

TS pit seeceemer ie se « Texas pine 

trie Seatiotlsie.w ewes tin roof 

be te Sees Ae et ...transom 
Vv 

Viiiistwistarstere dite sienrs"s s)s 4's varnish 

Meret aicaicisiotemiecs vertical grain 
WwW 

Wi disd tie ooo tstere le wrought iron 

WIT etc isterelcic, aatsless fore window 

War dar cicisteors sre teresa 0's wood lath 

Wiki Soren cotuts 7 oe white oak 

Wel i Sata Senha eS white pine 

WD ec waterproofing or 

waterproof 

WSOCltis caialamc Aek ese = wainscot 
xX 

>. A 5 oa ee re cross-tongue 
Wy 

Voowo dee ktvsc he eect «Reta yard 

Auli 3 Oas oa ees yellow pine 


Miscellaneous 
1 4.« L008 OT, Leet, as. C1", 8". Ste 


etc.) 

75, Ameheou inches (as ti aor, 
3”, etc.) 

ISO Mitariow ecto hc eels aceon once 
BOOM ik sce waive whine twice 
LoD Mavi saticmibintes)s:s s:< one brick 
DO Ditarcare asusitaterss two bricks 


FORMS OF CONTRACTS 


The following standard forms of contract will be of serv- 
ice to the architect, builder, or contractor who wishes a care- 
fully arranged contract for use in any particular type of 


construction. 


The standard forms shown are copyrighted, 


1911, by the American Institute of Architects, Washington, 
D. C., and are here reproduced by express permission’ of 
E. G. Soltman, dealer in drawing materials, of New York 
City, sole licensee for publication. 
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Invitation to Submit a Proposal 
Office of Architect 
Dear Sir; You are invited to submit a proposal for 
Drawings, Specifications and other information may be 
procured from this office on and after..................... F 


Peer ie een ee es) SYEES) 8. b 58 ew 'e! se pire tel ote (w)'a'o) 6 Te) 61/€1:41/¢) aie el esas t6).6le éueLere ve 6 wie 


oY 8-0) CriesTwies eal aes (et (s).4) 0 hO18 6/9, Ueila.“0. \e\/ar'e (W tas She (6! e)6) 


Architect. 
AOS CITC DICE, OCONEE BT anes 


Instructions to Bidders 


(Standard Form of the American Institution of Architects) 

Proposals, to be entitled to consideration, must be made 
in accordance with the following instructions: 

a. Proposals shall be made upon the form accompany- 
ing these instructions, and all blank spaces in the form 
shall be fully filled; numbers shall be stated both in writ- 
ing and in figures; the signature shall be in long hand; and 
the completed form shall be without interlineation, altera- 
tion, or erasure. 

b. Proposals shall not contain any recapitulation of the 
work to be done. 

c. Proposals shall be delivered to the Architect enclosed 
in an opaque, sealed envelope addressed to him, marked 
“Proposal,” and bearing the title of the work and the name 
of the Bidder. 

d. No oral, telegraphic, or telephonic proposals or modi- 
fications will be considered. 

Should a Bidder find discrepancies in or omissions from 
the drawings or documents, or should he be in doubt as 
to their meaning, he should at once notify the Architect, 
who will send a written instruction to all bidders. Neither 
Owner nor Architect will be responsible for any oral instruc- 
tions. 

Before submitting a proposal, bidders should carefully 
examine the Drawings and Specifications, visit the site of 
work, fully inform themselves as to all existing conditions 
and limitations, and shall include in the Proposal a sum 
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to cover the cost of all items contemplated by the Con- 
tract. 

The competency and responsibility of bidders and of their 
proposed sub-contractors will be considered in making the 
award. The Owner does not obligate himself to accept the 
lowest or any other bid. 

(Here follows a blank Standard Form of Agreement, as 
given below.) 

Standard Form of Proposal 


(American Institute of Architects) 


oe 40 6. 00:0. © vie p 6.0 6 00 6 © a1h 010 0 0 00 6.0 sce 


Architect. 
Dear Sir: 

Having carefully examined the Instructions to Bidders, 
the General Conditions of the Contract and the Specifications 
entitled (Here insert the caption descriptive of the work as used therein) 
and the Drawings similarly entitled numbered .............. 
AHA: 3 2135 AR Ne dates Oe SRT as well as the premises 
and the conditions affecting the work, the Undersigned pro- 
poses to furnish all materials and labor called for by them for 


(Here insert, in case all the work therein described is to be covered by one 
contract, ‘‘the entire work.’’ In case of a partial contract insert name of 
the trade or trades to be covered and the numbers of the pages of the 
Specifications on which the work is described), 


eee meer eer eee serene eeeerereeereeeeeeseseseseeeseeere 


in necandanee" with the said documents, for the sum Of jh. 
RBts tha hoeie tie Dollars ($........) and to execute a contract 
for the above work, for the above stated compensation in 
the form of the Agreement, shown in Instructions to Bidders, 
provided that he be notified of the acceptance of this pro- 


POSal VWATHIN ws incu ow ie ale scales atrels days of the time set for 
the submission of bids. 


GENERAL CONDITIONS OF THE CONTRACT AND OF 
THE SPECIFICATIONS 
Brief Description of the Work 
The work consists of that called for by the Drawings and 
Specifications entitled (Here insert the caption descriptive of the 


work as used in the form of Proposal, in the Specifications and upon the 
Drawings.) 


ee a ey 


hereinafter called the Owner, ‘and is to be executed to ihe 
satisfaction of, under the supervision of and in accordance 
with the Drawings and Specifications prepared by 


© 0 BO be Dd Ree 8 0 0 0 86 acere tS Sle © «© «© © Oe Bie 6616.6) wale «Sle lelel sere ele le oe ere, eae 
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acting as and in these Contract Documents called the Archi- 
tect. 
Identification of Documents 


The Drawings and Specifications forming a part of these 
contract Documents are the following: 


Wm, >) 0 Cm 6 ais a ew w/e ee 6 6 @ 6.816 0.0 6 6 ae ellele 6's \6)'0\ 6 8) .6 10 6 5 Sasi 6 Se,s 6:5 656.0 6 e:-6 le: 


In these General Conditions the Owner, the Contractor, and 
the Architect are treated as if each were of the singular 
number and masculine gender. Where the words written 
notice or notice in writing are used, such notice shall be 
deemed to have been duly served if delivered in person to 
the individual or to a member of the firm or to an officer of 
the corporation for whom it is intended, or if delivered at 
the last address of the said individual, firm, or corporation 
known to him who gives the notice. 


Drawings and Specifications 

Article 1. The Agreement, the General Conditions of the 
Contract, the Specifications, and the Drawings, with all notes 
made thereon before the signing of the Agreement, are the 
documents forming the Contract. Copies of all these docu- 
ments signed by the parties, or identified by the Architect as 
provided in the Articles of Agreement, shall remain in the 
custody of the Architect and shall be produced by him at his 
office on demand of either party. 

Article 2. The documents forming the Contract are com- 
plementary, and what is called for by any one shall be as bind- 
ing as if called for by all. They are intended to include all de- 
tail of labor and material reasonably necessary for the proper 
execution of the work. Should they disagree the Architect 
shall determine which quantity or quality of the work is to 
be furnished. Where reference is made to approval of work, 
material, fixtures, etc., such approval, unless otherwise dis. 
tinctly stated, is to be understood as that of the Architect. 

Article 3. The Contractor, if required, shall prepare, in 
consultation with the Architect, a schedule fixing the latest 
dates at which the various detail drawings and decisions will 
be required for the proper conduct of the work, and the Archi- 
tect will from time to time, as necessary, furnish such detail 
and working drawings, which shall be true developments of 
the scale drawings. The work shall be executed in conform- 
ity therewith, and with such instructions, directions and ex- 
planations, not inconsistent therewith, as may from time to 
time be given by the Architect. 

Article 4. The Architect will furnish to the Contractor, 
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free of cost to him, one copy of each full size detail drawing, 
and two copies of all other drawings and of the Specifications.: 
If additional copies are desired they may be obtained at the 
cost of reproduction. The Contractor shall keep in good order 
upon the work one copy of the Specifications and one of each 
Drawing, and the Architect and his representatives shall have 
free access to such copies. 

Article 5. Figured dimensions shall be followed in pref- 
erence to measurements by scale; and larger scale drawings 
shall take precedence over those at smaller scale. 

Article 6. The Drawings and Specifications furnished by 
the Architect shall be used for this work only. As instru- 
ments of service they are the property of the Architect, and 
shall be returned to him. Any models furnished under this 
Contract, or by the Owner, are the property of the Owner 
and shall be disposed of as directed by him. 

Article 7 The Contractor shall furnish to the Architect 
at proper times all shop and setting drawings or diagrams 
which the Architect may deem necessary in order to make 
clear the work intended or to show its relation to adjacent 
work of other trades. The Contractor shall make any changes 
in such drawings or diagrams which the Architect may re- 
quire, and shall submit two copies of the revised prints to the 
Architect for his identification, one copy to be returned to 
the Contractor, the other to be filed by the Architect. In sub- 
mitting such shop and setting drawings the Contractor shall 
in writing specifically call the attention of the Architect to 
every change from the Architect’s Drawings or Specifications. 
The Architect’s identification on the revised prints shall not 
relieve the Contractor of entire responsibility for his own 
errors and for changes not so pointed out in writing. Any 
models or templates submitted shall be changed as required 
until satisfactory to the Architect. 


Materials and Workmanship, and their Inspection 
Article 8. No one unskilled in the work which he is given 
to do shall be employed, and all work shall be executed in a 
skillful and workmanlike manner. Should the Architect deem 
any one employed on the work incompetent or unfit for his 
duties, and so certify, the Contractor shall dismiss him, and 
he shall not again, without the Architect’s permission, be em- 
ployed on the work. 
Article 9. All materials unless otherwise specified, shall 
be new and of the best quality of their respective kinds. 
Article 10. The Contractor shall at all times maintain 
proper facilities and provide safe access for inspection to all 
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parts of the work, and to the shops wherein the work is in 
preparation. Where the Specifications require work to be 
specially tested or approved it shall not be tested or covered 
up without timely notice to the Architect of its readiness for 
inspection and without his approval thereof or consent there- 
to. Should any such work be covered up without such notice, 
approval or consent it must, if required by the Architect, be 
uncovered for examination at the Contractor’s expense. 

Article 11. When require@ the Contractor shall provide 
all facilities and labor necessary for a complete re-examina- 
tion of work under suspicion, and if the Architect decides 
that the work is defective, the Contractor shall bear the ex- 
pense of re-examination and replacement. If not found defec- 
tive, such expense shall be credited to the Contractor as 
extra work. 

Article 12. The Contractor, upon receiving from the Archi- 
tect written notice and within such reasonable time as may 
be named therein, shall remove from the premises all mater- 
ials, whether worked or unworked, and. take down and re- 
move all portions of the work, condemned by the Architect 
as unsound or improper or as in any way failing to conform 
to the Contract; and the Contractor shall promptly replace 
and re-execute his own work in accordance with the Contract 
and without expense to the Owner, and shall bear the expense 
of making good all work of other contractors destroyed or 
damaged by such removal, or replacement. 

If the Contractor does not remove such condemned or re: 
jected work and materials within the time limited by the 
notice, the Owner may remove them and may store the 
material at the expense of the Contractor. If the Contractor 
does not. pay within ten days after such removal by the 
Owner the expense of such removal, the Owner may at any 
time thereafter upon ten days’ written notice sell such ma- 
terials at auction or at private sale. The Owner shall account 
to the Contractor for the proceeds of such sale, after deduct- 
ing all expense of removal and storage. 

Article 13. Except when authorized in writing by the 
Owner through the Architect, neither the clerk of the works 
nor a superintendent, even though employed by the Owner, 
has authority to add to or deduct from the work called for 
under the Contract, or to make any changes therein. 


Financial Relations 
Article 14. The Contractor, when required shall furnish 
to the Architect, upon a blank form provided or approved by 
him, a correct statement, showing the estimated cost of 
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each part of the work as subdivided in the Specifications, the 
total equaling the contract price. This statement shall be 
for the use of the Architect at his discretion, in preparing 
estimates for payments on account. 

Article 15. At least one week before each payment falls 
due the Contractor shall submit to the Architect a requisi- 
tion therefor and shall, if required, submit therewith an item- 
ized statement of the quantities and cost and proportionate 
share of profit of work performed to the termination of the 
period to be covered by the payment. Such statement shall 
be made in form provided or approved by the Architect; but 
it shall not be binding as against his judgment. 

Article 16. The acceptance by the Contractor of the pay- 
ment of the final certificate shall constitute a waiver of all 
claims against the Owner under or arising out of this Con- 
tract. 

Article 17. The Contractor shall make good, without cost 
to the Owner, any omissions from his work or negligence in 
connection therewith or any improper materials or defective 
workmanship or consequences thereof of which he may in 
writing be notified within one year of the date of the final 
certificate, but this general guarantee shall not act as a 
waiver of any specific guarantee for another length of time 
set elsewhere in the Contract Documents. 

Within the period of general or special guarantee, no cer- 
tificate given, nor payment made under the Contract, nor 
partial nor entire occupancy of the premises by the Owner, 
shall be construed as an acceptance of defective work or of 
improper material or as condoning any negligence or omis- 
sion. 

Article 18. The Architect may withold or nullify any cer- 
tificate or reduce the amount thereof, if, in his opinion, viola- 
tion of the Contract exists after the Contractor has been 
duly notified to correct the same, or if he have knowledge 
of lien against the premises under this Contract, and such 
certificates may be withheld until such violation is corrected 
to the satisfaction of the Architect, or such lien is discharged 
or satisfactorily bonded. 

Article 19. If, in the opinion of the Architect, it is not 
expedient to correct injured work, or work not done in ac: 
cordance with the Contract, the Owner may deduct the differ. 
ence in value between the work involved and that called for 
by the Contract, together with a fair allowance for damage, 
the amount of which shall be determined by the Architect, 
subject to arbitration. 


Article 20. The Owner may, without invalidating the Con- 
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tract, make changes by altering adding to or deducting from 
the work in the manner hereinafter provided. No claim for 
an extra charge for such changes shall be valid unless such 
work is done in pursuance of a formal written order there- 
for from the Owner or from the Architect acting under the 
authorization of the Owner, and no bill for extra work of any 
kind will be audited by the Architect or paid by the Owner 
unless it be rendered in accordance with the terms of such 
formal written order. Unless otherwise expressly agreed all 
such work shall be executed under the conditions of the 
original Contract. 

Article 21. Should the Contractor deem any work which 
he is called upon to perform, whether by instruction, by de- 
tail drawings or otherwise, to be extra to the Contract, he 
shall give the Architect written notice thereof before proceed- 
ing to execute it, and in any case within two weeks of re- 
ceiving such instructions or drawings or otherwise being 
called upon to perform such work, and failure so to do shall 
constitute a waiver of all claim for extra payment on account 
of it. Should the Architect decide that no extra work is in- 
volved, the Contractor may appeal to arbitration before com- 
mencing the work, but in any case he shall proceed with it if 
so ordered. 

Article 22. Should the Architect determine that any al- 
terations in, addition to or deductions from, the work covered 
by the ‘Contract affect the contract price, then their value 
shall be determined in one or more of the following ways, as 
may be selected by the Owner: 

(A) By Unit Prices named in the Contract or subse- 
quently agreed upon, in which case the Architect shall make 
the award, subject to arbitration. 

(B) By Cost and Percentage or Cost and a Fixed Fee, 
under special order in writing, in which case the Contractor 
shall keep a true and correct account of the net cost of labor 
and materials, rendering to the Architect, at required inter- 
vals, detailed statements and vouchers, and the Architect 
shall award an amount as cost and profit, subject to arbi- 
tration. 

(C) By Estimate and Acceptance in a lump sum. 

(D) In case an agreement as to price cannot be reached 
or in case the Owner should refuse to employ any of the 
above methods, the Architect may, with the authority of the 
Owner, by a special order in writing, direct the work to pro- 
ceed and the Contractor shall forthwith proceed and leave 
the price to be settled by arbitration. 

Article 23. Where the Contractor is thus specially ordered 
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in writing by the Owner or Architect to do additional work 
not covered by unit prices, or by estimate and acceptance 
in a lump sum, the Contractor or his duly authorized agent 
shall, unless directed to the contrary by the Architect, prior 
to doing such work, notify the superintendent or, in his ab- 
sence, the Architect, stating his intention to enter upon such 
work, and not later than the next day thereafter he shall 
deliver to the superintendent or Architect as directed a writ- 
ten memorandum, in duplicate, giving in detail the amount 
of materials and labor incorporated in the claim for the 
day, together with his proper compensation therefor. Failure 
on the part of the Contractor so to notify the superintendent 
or Architect or to deliver the memorandum relative to the 
day’s work shall be construed as a waiver of any and all 
claims therefor. The duplicate copy of the above mentioned 
memorandum will be returned to the Contractor as soon there- 
after as possible, with a duly certified approval, disapproval or 
correction, and all bills for extra work shall be rendered on 
the basis of these approved daily memoranda. . 

Article 24. Neither the Contractor nor any sub-contractor, 
materialman, nor any other person shall file or maintain a 
lien, commonly called a mechanic’s lien, for materials deliv- 
ered for use in, or work done in, the performance of this 
Contract, and the right to maintain such lien by any or all 
of the above named parties is hereby expressly waived, ex- 
cept in the event of the failure or refusal of the Owner to 
pay the amount called for by any certificate of the Architect, 
within ten days of the date of its tender to the Owner for 
payment. Then, and in such case only, shall any of the above 
named parties have the right to file and maintain a me- 
chanic’s lien. 

Payment shall not become due unless at the time of each 
payment the Contractor, if so required, and in any event at 
the time of final payment, shall deliver to the Owner a satis- 
factory release of all liens against the premises on the part 
of all persons who have delivered materials for use in, or 
work done in, the performance of this Contract in respect of 
all such work or material covered by the payment in question. 
At the last payment, such releases shall include that of the 
Contractor himself. If at any time there shall be evidence 
of any lien or claim for which, if established, the Owner or 
the premises might be made liable, and which would be 
chargeable to the Contractor, the Owner shall have the right 
to retain out of any payment then due, or thereafter becom- 
ing due, an amount sufficient to indemnify himself for such 
lien or claim until the same shall have been effectually dis- 
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charged or bonded. If, because of the Contractor’s negli- 
gence or default, any such lien or claim shall remain un- 
satisfied after all payments are made, the Contractor shall 
refund to the Owner all moneys that the latter may be com- 
pelled to pay in discharging such lien or claim. 

Article 25. The Contractor shall set aside to be ex- 
pended as the Architect shall direct the amount of each cash 
allowance required by the Contract. The Contractor shall 
expend and pay such allowance at such times and in such 
amounts, and to and in favor of such persons and upon such 
work as the Architect may in writing direct, and the Con- 
tractor shall make sub-contracts with such parties for fur- 
nishing such materials and labor, and he shall assume the 
Same responsibility for their work as for other portions of 
his work. But no such sub-contractor shall be employed up- 
on the work against whom the Contractor shall make objec- 
tion which the Architect considers reasonable, or who will 
not enter into an agreement with the Contractor upon con- 
ditions consistent with those of this Contract. 

Except where specifically provided to the contrary, all cash 
allowances shall be for the actual net cost to the Contractor 
of labor and material only, exclusive of office or other ex- 
penses or profit; i. e., the Contractor in making up his bid 
shall add such sum for expenses and profit on account of 
cash allowances as he deems proper, and no demand for ex- 
penses or profit other than those included in the contract 
sum shall be allowed by the Architect. Cash allowances shall 
be payable by the Contractor without discount or deduction 
or by the Owner directly, if he so elect. All bills for labor 
and materials under such allowances shall be submitted to 
the Architect for his approval. Proper credit or debit shall 
be made in the contract price, according to the difference be- 
_ tween the total cost of such material and labor, and the 
total of cash allowances named in the Agreement or Speci- 
fication, and any credit balance may be deducted from the 
contract price or applied by written order of the Architect 
in payment for additional work done by the Contractor on 
formal written order. 

Article 26. Unless specifically provided otherwise in the 
Agreement the Owner and the Contractor shall each protect 
his own interest against loss or damage by fire, pending full 
performance by the Contractor of the work hereunder and 
full payment therefor by the Owner. For. the purpose of 
maintaining fire insurance as far as concerns this Contract 
the Owner’s interest at any time shall be held to amount 
to the sum of all payments which he shall have made to the 
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Contractor on account of this Contract. For the same pur- 
pose, the Contractor’s interest shall be held to consist of 
any and all insurable value under and pertaining to this 
Contract not above defined as “Owner’s interest.” Loss or 
damage by fire shall not affect the rights and obligations of 
either party under this Contract, except that in such event 
- the Contractor shall be entitled to reasonable extension of 
time for the performance of this Contract, as provided un- 
der Article 28, “Contractor’s Claim for Extension of Time.” 
The Contractor shall upon written notice from the Owner im- 
mediately proceed with the reinstallation of work damaged or 
destroyed, and the Owner shall make payments to the Con- 
tractor on account of reinstallation upon certificates of the 
Architect issued on the same principles as govern payments 
during its original construction as provided in the Agreement. 
Should the Owner and the Contractor fail to agree on the 
total amount thus to be paid, such amount shall be subject 
to arbitration. 


Article 27. Should the Owner claim damages for delay 
in the completion of the work, the Architect, it, in his opin- 
ion, any damages be payable, shall make an award, and shall 
write the amount thereof across the face of the final cer- 
tificate as “amount to be deducted from the face hereof for 
delay in completion of the work,’ but such amount shall be 
subject to arbitration. Thereupon the Architect’s services 
in this matter shall terminate, except as provided under 
Article 38. 


Article 28.- Should the Contractor be delayed in the 
prosecution or completion of the work by the act, neglect or 
default of the Owner, or of anyone employed by the Owner, 
or by fire, or by general strikes or for any other reason 
deemed sufficient by the.Architect, then the time fixed in the 
Agreement for the completion of the work shall be extended 
for a period equivalent to the time lost by reason of any and 
all the causes aforesaid. Such extension of time shall be de- 
termined and fixed by the Architect. (Subject to arbitration.) 
But no such allowance shall be made unless a claim therefor 
is presented in writing to the Architect within forty-eight 
hours of the occurrence of such delay. 


Article 29. Should the Owner fail to provide all labor and 
materials, not included in this Contract, but essential to the 
conduct of this work, in such manner as not to delay its 
reasonable progress, or should the Contractor be damuged 
by any act or omission of the Owner, the right of the Con- 
tractor to compensation for the damage suffered, whether in 
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the form of unusual or protracted services or otherwise, and 
the amount of such compensation shall be determined and 
awarded by the Architect (subject to arbitration); but no 
such allowance shall be made unless a claim therefor is made 
in writing or by telegraph to the Architect within forty-eight 
hours of the occurrence of such damage. 


Article 30. Should the Contractor or any person directly 
or indirectly employed by him cause damage to the material, 
apparatus or executed work of any other contractor em- 
ployed by the Owner on the work, or cause damage by way 
of delay or otherwise to such other contractor, such other 
contractor shall in writing notify the Owner, through the 
Architect, of the fact within forty-eight hours of the occur- 
rence of such damage and should the two contractors be un- 
able to reach a settlement within ten days thereafter the 
Owner shall debit the Contractor in the amount that the 
Architect shall decide to be just and shall credit that amount 
to the other contractor. (Subject to arbitration.) Should the 
Contractor sustain damage to his apparatus or materials or 
executed work by reason of delay or otherwise at the hands 
of some other contractor he ghall in similar manner notify 
the Owner, and should the two contractors be unable to reach 
a settlement within ten days thereafter the Owners shall 
credit the Contractor in the amount that the Architect shall 
decide to be just, and shall debit that amount to the other 
contractor. (Subject to arbitration.) The Contractor shall 
in final settlement accept, or permit the deduction of, the 
amount determined by the Architect or by arbitration. The 
terms of Article 38, entitled “Arbitration,” shall in all ways 
control any arbitration held under this paragraph, save that 
each contractor shall name an arbitrator or that they may 
agree on a single arbitrator, the Owner in either case nam- 
ing none. 


Article 31. The Contractor shall save harmless and in- 
demnify the Owner from every claim or demand which may 
be made by reason of— 


1. -Any injury to person or property sustained by the 
Contractor or by any person, firm or corporation employed di- 
rectly or indirectly by him upon or in connection with his 
work, however caused, except as provided by Article 29. 

2. Any injury to person or property sustained by any per- 
son, firm or corporation, caused by any act, neglect, default.or 
omission of the Contractor or of any person, firm or corpora- 
tion directly or indirectly employed by him upon or in con- 
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nection with his work, whether the said injury or damage 
occur upon or adjacent to the work. : 

And the Gontractor at his own cost, expense and risk 
shall defend any and all actions, suits or other legal proceed- 
ing that may be brought or instituted against the Owner on 
any such claim or demand, and pay or satisfy any judgment 
that may be rendered against the Owner in any such action, 
suit or legal proceeding or result thereof. 

Article 32. Should the Contractor by his own fault or 
negligence delay the completion of the work, thereby neces- 
sitating unusual or protracted services or expenses on the 
part of the Architect or the clerk of the works, the Owner 
shall be entitled to retain from the amount otherwise to be- 
come due to the Contractor, an amount sufficient to reimburse 
them for such protracted or unusual services or expenses. 
(Subject to arbitration.) 


Article 33. Should the Contractor become insolvent, or at 
any time, except in case of a general strike, refuse or fail to 
supply a sufficiency of properly skilled workmen or of ma- 
terials of the proper quality, or fail in the performance of 
any of his obligations under the Contract, such refusal or 
failure being certified by the Architect to both Owner and 
Contractor as sufficient ground for such action, the Owner 
shall be at liberty, without prejudice to any other right or 
remedy he may have, to provide, after giving the Contractor 
three days’ written notice, any such labor or materials, and 
to deduct the cost thereof from any money then due or 


thereafter to become due to the Contractor under the Con- 
tract. 


Article 34. If the Architect shall certify to both Owner 
and Contractor that such refusal or failure is sufficient ground 
for such action, the Owner shall also be at liberty, without 
prejudice to any other right or remedy he may have, after 
giving the Contractor three days’ notice, to terminate the em- 
ployment of the Contractor for said work, and for the pur- 
pose of completing the work, to enter upon the premises and 
take possession thereof, and of all materials, tools and ap- 
pliances thereon, and to employ any other person or persons 
to finish the work, and to provide the materials therefor. In 
case of such discontinuance of the employmnt of the Con- 
tractor, he shall not be entitled to receive any further pay- 
ment until the said work shall be wholly finished, at which 
time, if the unpaid balance of the amount to be paid shali 
exceed the expenses incurred by the Owner in finishing the 
work, including proper compensation to the Architect for his 


FORM OF CONTRACT 801 


additional service in connection therewith, such excess shall 
be paid by the Owner to the Contractor. But if such expense 
shall exceed such unpaid balance, the Contractor shall pay the 
difference to the Owner. The expense incurred by the Owner 
as herein provided, either for furnishing materials or for 
finishing the work, and any damage incurred through such de- 
fault, shall be audited and certified by the Architect. 


Article 35. Should the Owner fail to pay to the Con- 
tractor any sum named in a certificate of the Architect as 
due from the Owner to the Contractor within ten days of its 
presentation to the Owner in person or at his last known ad- 
dress, the Contractor may give him written notice of such 
failure, and should he within a further period of five days 
fail to pay the said sum, or if the work should be stopped 
under an order of any Court of Law for a period of three 
months through no action or fault of the Contractor or of 
any one directly or indirectly employed or instigated by him, 
then the Contractor shall be at liberty to terminate this Con- 
tract by notice in writing given to the Owner and the Archi- 
tect and to recover from the Owner payment for all work ex- 
ecuted; and for any loss he may have sustained upon any 
plant or material supplied or purchased for the purpose of 
this Contract and for reasonable profit and damages. 

Should the Owner fail to pay the sum named in any cer- 
tificate of the Architect within ten days of its presentation to 
him or at his last known address, the Contractor shall re- 
ceive, in addition to the sum named in the certificate, inter- 
est thereon at the rate of five per cent per annum until the 
payment of such certificate. 

Article 36. The Contractor shall under no circumstances 
assigns this Contract without the written permission of the 
Owner. 

Article 37.. The Owner reserves the right to let contracts 
other than this one in connection with this work. 

Article 38. In any case in-which an appeal to arbitration 
is permitted under this Contract, the Owner or Contractor 
may demand arbitration by filing with the Architect, within 
ten days of the receipt of the decision from which he ap- 
peals, a written notice of such demand, sending at the same 
time a copy thereof to the other party to the Contract. In 
case no such notice be filed within ten days, both parties 
shall lose the right of appeal and the decision of the Architect 
shall stand as final. In case such notice be filed three dis- 
interested arbitrators shall be chosen, one by the Owner, one 
by the Contractor and the third by these two arbitrators, and 
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the difference or dispute shall be submitted to them for. arbi- 
tration. Should the party filing notice fail to choose an 
arbitrator within ten days of filing such notice, his right to 
arbitration shall lapse, and the decision of the Architect shall 
stand as final. Should the other party fail to choose an arbi- 
trator within ten days of the filing of the notice, then the 
Architect shall appoint an arbitrator who, with the other 
arbitrator, shall choose a third. Should either party refuse or 
neglect to supply the arbitrators with any papers or informa- 
tion considered necessary by them and demanded in writing, 
the arbitrators are empowered by both parties to take ex 
parte proceedings. 

The arbitrators shall act with promptness. The decision 
of any two of them shall be binding on both parties hereto. 
The decision of the arbitrators upon any question subject to 
arbitration under the terms of this Contract shall be a con- 
dition precedent to any right of legal action by either Owner 
or Contractor. 

The arbitrators, if they deem that the case demands it, 
are authorized to award to the party whose contention is 
sustained such sums as they shall deem proper for the time, 
expense and trouble incident to the appeal, and this sum 
may be named in cases where the claim is set aside in whole, 
or as an addition to or deduction from the amount of the 
principal award. The arbitrators shall assess the costs and 
charges of the arbitration upon either or both parties, in 
such proportion as the arbitrators shall deem just. 

In lieu of the three arbitrators hereinbefore provided for, 
the parties may by mutual agreement name a single arbi- 
trator, and in such case the provisions of this Article shall 
otherwise apply. 

The Architect 


Article 39. Save only in cases in which an appeal to arbi- 
tration is permitted by these General Conditions, the final de- 
cision of all questions arising under this Contract shall be 
made and given by the Architect, and both the Owner and the 
Contractor shall be bound thereby, and such decision shall be 
a condition precedent to any right of legal action by either 
Owner or Contractor. 

Article 40. The parties to the Contract recognize the 
Architect as the interpreter of the Contract Documents, and 
in that capacity he is to define their true intent and mean- 
ing. He is not the agent of the Owner except in structural 
emergencies (Article 41) and except when in special in- 
stances he is authorized by the Owner so to act. 
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Article 41. The Architect has authority to stop the pro- 
gress of the work whenever, in his opinion, such stoppage 
may be necessary to insure the proper execution of the Con- 
tract. In an emergency affecting the safety of life or of the 
structure or of adjoining property, he is hereby empowered 


to act as the Owner’s agent, and, if he so elect, to make . 


such changes or to order such work, extra to the Contract 
or otherwise, as may in his opinion be advisable. 

Article 42. In case of the termination of the employment 
of the Architect or his successors, the Owner shall appoint a 
capable and reputable Architect, whose duties and authority 
under the Contract shall be those of the former Architect. 


The Contractor 

Article 43. The Contractor, if required, shall prepare, in 
consultation with the Architect, a schedule fixing dates for the 
beginning of manufacture and installation of materials and 
for the completion of the various parts of the work. 

Article 44. The Contractor, unless otherwise expressly 
provided, shall furnish and install all material and shall fur- 
nish all labor, water, apparatus, light and power’ necessary 
for the complete, prompt and satisfactory execution of the 
work and for properly connecting and co-ordinating his work 
with that of other contractors. 

Article 45. The Contractor shall confine the storage of 
materials and operations of his workmen to the limits in- 
dicated by law, ordinances, permits or by the Architect, and 
shall not unnecessarily encumber the premises with his ma- 
terials. 

Article 46. The Contractor shall submit in writing the 
names and references of all proposed sub-contractors to the 
Architect who shall have the right to reject such as he deems 
unsatisfactory, and the Contractor shall not sublet any por- 
tion of the work without the written permission of the Archi- 
tect. Such permission shall not, however, relieve the Con- 
tractor from responsibility for the conduct and work of his 
sub-contractors. 

Article 47. The Contractors in subletting any part of the 
work shall make contracts by which his sub-contractors shall 
be bound by the terms of these Contract Documents as far 
as applicable to the work sublet. He shall properly direct 
and control his sub-contractors being responsible for the 
correlation of his own work and that of his sub-contractors. 
Should the Contract Documents assign certain responsibilities 
to sub-contractors the Contractor is not thereby relieved of 
such or of any responsibilities for the entire work or any, 
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part thereof. The Contractor shall promptly transmit to his 
sub-contractors all Drawings and Specifications bearing on 
their work. 

Article 48. The Contractor shall afford other contractors 
employed by the Owner every reasonable facility for the 
storage and introduction of their materials and for erection 
of their work. 

Article 49. The Contractor shall keep a competent general 
foreman and any necessary assistants, satisfactory to the 
Architect, in charge during the progress of the work. The 
general foreman shall not be changed except with the con- 
sent or at the instance of the Architect. The foreman shall 
represent the Contractor in his absence, and all directions 
as to the conduct of the work given to him shall be as binding 
as if given to the Contractor, provided that on request such 
directions be given in writing. 

Article 50. The Contractor shall not do any work without 
proper drawings or instructions, and shall, at his own ex- 
pense, replace any work wrongly executed, whether from lack 
of such drawings or instructions or otherwise. 

Article 51. The Contractor,.as a part of his services, shall 
give personal supervision to the work, and he shall carefully 
study and compare all Drawings, Specifications and other 
information given to him by the Architect, as to figures, ma- 
terials and methods of construction, using therein the skill 
and experience for which he receives compensation under 
this Contract, and shall immediately report to the Architect 
for rectification any error, inconsistency or omission therein 
which he shall discover. 

Article 52. The Contractor shall measure work already in 
place, to insure the proper execution of his subsequent work, 
or for the information of the Architect; and should any dis- 
crepancy between the executed work and the drawings be dis- 
covered, he shall report it at once to the Architect. 


Article 53. The Contractor shall, at his own expense, ob- 
tain for the Owner all necessary permits and licenses, except 
permanent easements, give all necessary notices, pay all fees 
required by law, and comply with all laws, ordinances, rules 
and regulations relating to the work, and to the preservation 
vf the public health and safety. If the Drawings and Speci- 
fications are at variance therewith, he shall so notify the 
Architect in writing, stating the effect of such compliance 
upon the contract price. 


Article 54. The Contractor shall furnish, within a rea- 
sonable time, whenever required, and in the manner directed, 
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reports showing the progress and status of the work at the 
building and in the shops. 

Article 55. The Contractor shall, when required, produce 
satisfactory evidence to show the kind and quality of mater- 
ials used, and furnish duplicate labeled samples of materials 
and workmanship, with sufficient information, for the Archi- 
tect’s approval, and the materials furnished shall have the 
same character, finish, color and texture as the approved 
samples, and the workmanship shall be equal to that of the 
samples. 

Article 56. The Contractor shall pay all royalties and li- 
cense fees, and shall save the Owner harmless from loss or 
annoyance on account of suits or claims of any kind for vio- 
lation or infringement of any letters patent or patent rights 
by the Contractor or any one directly or indirectly employed 
by him or by reason of the use by him or them of an art, 
machine, manufacture or composition of matter on the works 
in violation or infringement of such letters or rights. 

Article 57. The Contractor shall not allow waste material 
or rubbish caused by his employes to accumulate in or about 
the premises, but shall promptly remove the same and at the 
completion of the work he shall thoroughly remove all his 
rubbish from and about the building, and all tools, scaffolding 
and surplus materials, and shall leave his work thoroughly 
cleaned and ready for use. In case of dispute the Owner will 
remove the rubbish and charge the cost of work to the con- 
tractors pro rata. 

Article 58. The Contractor shall promulgate and enforce 
rules to prevent, and it shall be his duty to prevent: 

1. The lighting of open fires upon the premises, in or 
dangerously near the building. 

2. Smoking within the building after the roof is on. 

3. The erection on or about the premises of any sign, bill- 
board or other advertisement by the Contractor or his sub« 
contractors, except by written permission of the Architect. 

4. The loading of any part of the structure with a weight 
greater than it is calculated to bear. 

Article 59. The Contractor shall cover and protect his 
materials and work from damage by the elements, or from 
any other cause, in a manner satisfactory to the Architect and 
shall efficiently maintain such covering and protection. 

Article 60. The Contractor shall, at his own expense, make 
good, to the Architect’s satisfaction, any damage to his work 
from the action of the elements, or any other cause, except 
such damages as are contemplated in Article 19. 
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Article 61. The Contractor shall do all cutting, fitting or 
patching of his work that may be required to make its several 
parts come together properly and fit it to receive or be re- 
ceived by work of other contractors, shown upon, or rea- 
sonably implied by, the Drawings and Specifications for the 
completed structure, and he shall make good after them, as 
the Architect may direct. But the Contractor shall not en- 
danger the stability of the structure or any part thereof by 
cutting or digging or otherwise, and shall not in any way cut 
or alter the work of any other contractor, save with the con- 
gent and under the direction of the Architect. ; 

Article 62. .The Contractor shall maintain such insurance 
as will adequately protect him and the Owner from claims for 
damages for personal injuries, arising directly or indirectly 
from operations under this Contract, and he shall be liable to 
the Owner for failure to maintain such insurance, and shall, 
if required by the Owner, submit the policies to him for ap- 
proval. 


Article 63. If any part of the Contractor’s work is de- 
pendent for its proper execution or for its subsequent efficacy 
or appearance on the character or condition of associated or 
contiguous work not executed by him, the Contractor shall 
examine such associated or contiguous work and shall report 
to the Architect in writing any imperfection therein or any 
conditions that render it unsuitable for the reception of his 
work. In case the Contractor proceeds without making such 
written report, he shall be held to have accepted such other 
work and the existing conditions and shall be responsible for 
any defects in his own work consequent thereof, and shall not 
be relieved of the obligation of any guarantee because of any 
such imperfection or condition. 


APPENDIX TO THE GENERAL CONDITIONS OF THE 
CONTRACT 


In many cases the sixty-three Articles printed will not in- 
elude all necessary General Conditions of the Contract. The 
Architect will then add to them such others as he deems 
wise. 


Many architects include in their General Conditions one 
or more of the subjects named below. It would seem that 
many of these should appear in the specifications for the 
various trades, and that others, though suited for inclusion 
in the General Conditions, are not invariably needed. These 
subjects are: 
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Watchmen, Heating during Construction, Protection and 
Care of Trees and Shrubs, Protective Coverings in general, 
Vault Permit, Sidewalks, Fences, Ladders, Temporary Stair- 
ways, Scaffolding, Sheds, Sanitary Conveniences, Offices and 
their Furniture, Telephone, Temporary Wiring and Electric 
Lights, Lanterns, Temporary Enclosures from Weather, Keep- 
ing Building and Cellar free from Water, Chases, Photo- 
graphs, Checking by Surveyor and his Certificate, Contractor 
to Work Overtime if Required, Time of Completion of the Es- 
sence of the Contract, Earthquake Insurance, Owner to fur- 
nish Survey, Contractors to Lay Out the Work, Giving Lines 
and Levels, Owner’s Contingent Policy of Accident Insurance, 
Bracing Building during Construction, Damage to Adjoining 
Property by Movement or Settlement, Stoppage of Work in 
Freezing Weather, ete. 

Liens 


Owing to the diversity of the lien laws in the several 
States, it is impracticable to draft an article suited for use 
in all, but it is thought that Article 24 is of very general 
applicability. In certain States it is necessary as a bar to 
liens, that the Agreement, or at least the lien clauses of the 
Contract, be publicly filed or recorded. 


Fire Insurance 


The scheme for effecting and settling insurance, described 
in the following paragraph, has had much consideration. 
As it has not been tried in practice it is thought wiser to 
include in the body of the General Conditions the shorter 
form, but the following is presented for the consideration 
of members, as possibly preferable under certain conditions, 
and as having the approval of the representatives of the 
National Board of Fire Underwriters. The “Trustee” herein- 
after mentioned may, of course, be agreed upon at the time 
of the signing of the Contract, or subsequently named by the 
Architect. 

The Owner shall maintain fire insurance upon the build- 
ing in all stages of construction, and upon all materials in 
or about the premises, not including Contractor’s tools and 
appliances, to the full amount of the Architect’s estimate of 
the value of the building, so far as completed, and of such 
materials. The policies shall be taken out in the name of 
the Owner “for account of whom it may concern, upon their 
joint and several interests in” the building and materials 
described. The loss, if any, shall be made adjustable with 
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the Owner, and payable to a Trustee to be named by the 
Architect. Within ten days after the occurrence of any loss 
covered by the policies, the Contractor shall deliver to the 
Owner a complete schedule of (1) labor and materials neces- 
sary for rebuilding, restoring and replacing the work or the 
materials destroyed or damaged, and (2) their true value, 
together with a sworn statement that such schedule and 
valuation are full and correct. All moneys paid for losses 
under the policies shall be held by the Trustee aforesaid for 
distribution to the Owner, the Contractor and all other per- 
sons having insurable interests in building or in materials 
upon the premises, as their interests may be determined. 
The Trustee shall disburse the insurance moneys in accord- 
ance with the agreement reached by the Owner, the Con- 
tractor and other persons having insurable interests under 
this policy, or as determined by arbitration; but he shall 
make payments to contractors only upon the Architect’s cer- 
tificates of reinstallation of the work. If the Owner, the 
Contractor and the other persons interested in the insur- 
ance should fail to agree upon a distribution, the matter shall 
be referred to arbitration, as provided in Article 38 of the 
General Conditions, the Owner appointing one arbitrator, the 
Contractor and the other persons having insurable interests 
appointing a second arbitrator, and these two appointing a 
third. The Contractor agrees that if the Owner maintains 
insurance as above provided, he will not make upon the 
Owner any claim for loss through fire beyond the Contractor’s 
interest under the policies of insurance maintained by the 
Owner under this Article. In case of fire the Contractor 
shall not be released or relieved-in any way from the obliga- 
tion to complete the work under contract, notwithstanding 
the cost of so doing may exceed the contract price, or the 
amount recovered as his share of the insurance; and the 
Contractor shall proceed with the work forthwith, and with- 
out awaiting a decision as to the distribution of insurance 
money, and shall make good all his work or materials des- 
troyed or damaged. All fire insurance policies upon the 
building or upon materials upon the premises shall be kept 
in the custody of the Architect and shall be open to inspec- 
tion by the Owner, the Contractor and others having insur- 
able interests. Upon the request of any person having an 
insurable interest under such policies, the Architect shall 
deliver to such person a certificate setting forth briefly the 
terms and the amounts of the policies, and the facts so far 
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as they are within the personal knowledge of the Architect, 
upon which such person claims an insurable interest. 

If the Owner fails to maintain insurance as provided in 
this Article, the Contractor may terminate the Contract; 
but the Contractor may terminate the Contract, under this 
provision, only at a time when building and materials are 
not insured as provided in this Article. If the Contractor 
or any sub-contractor takes out fire insurance upon his in- 
terest in the building or in materials upon the premises, he 
shall not have, while such insurance is in force, any right 
to participate under any policy taken out by the Owner. 


A Suggested Clause Relative to Payments 


When the system of monthly payments is adopted, the 
following form may be used in filing the blank in Article 
4 of the Agreement. “On or about the ......... day of 
CaAChMIMOn ta. sen sete es per cent of the value, proportion- 
ate to the amount of the Contract, of labor and materials 
wrought into the building up to the first day of that month, 
as estimated by the Architect, less the aggregate of previous 
payments. On the satisfactory completion of the entire work, 
a sum sufficient to increase the total payments to ......... 
per cent of the value of the work, and ......... days there- 
after the balance due under the Contract.” 


STANDARD FORM OF AGREEMENT OF THE AMERICAN 
INSTITUTE OF ARCHITECTS 


This form is to be used only with the Standard General 
Conditions of the Contract. In it Owner, Contractor and 
Architect are treated as of the singular number and mascu- 
line gender. 

TmnISMAGrEeMent Made) thera. erase CAV TOL "ees cicic.c.ciciciecis e 
inetnesyeats NINeteen HUN CTCO< alld arcsec + cleisige elses ete cece: 


bysandebetweene weremmasctaecden tee Mee efacee sto die hcee seta ots 
Mereinatter caleduthe CON tLracltoraandprmimeteniac eee ces ceecs 
BO. CIERCRO EINE CROCS CRORE Oa hereinafter called the Owner 


Withee? nt that the Contractor and the Owner for the con 
siderations herein named agree as follows: 

Article 1. The Contractor agrees to provide all the ma- 
terials and to perform all the work shown on the Drawings 
and described in the Specifications entitled (Here insert the 


caption descriptive of the work as used in the Proposal, Specifications, General 
Conditions and upon the Drawings.) 
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UE Sere RN EO OOOO be Ce AS acting as, and in these 
Contract Documents entitled the Architect, and to do to the 
satisfaction of the Architect everything required by the 
Drawings, Specifications and General Conditions. 


Article 2. The Contractor agrees to complete the work 
by and at the following time or times, to wit: 


Wie Ai fen 0,6 06 8 0b. 6 6c. w. 08 © 2 2.00 =o sbe Sie a eS sie Sele =) is miniesrs ae eles ©) 6. 6 ~sis) Ss ioe 
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SITTIN OL pet. cucseucresh oe aielate ce eteist sya tneeoe chess eae UD alate Kowa t, See erg ) "rer 
each day thereafter, Sundays and legal holidays not included, 
that the work remains uncompleted. 


Article 3. The Owner agrees to pay the Contractor in 
current funds for the performance of the Contract ........ 
ch ce GETS R SE Te Se OL (S. ete ee ) subject to addi- 
tions and deductions as provided in the General Conditions 
of the Contract. 


Article 4. The Owner agrees to make payments on ac- 
count of this Contract on the certificate of the Architect, as 
follows: 


Peewee ees e eee Hr eee rere eeer reese seeseeeeeeseeeeeEtHEeeeeeeseeeeee 


Cee meee ee ee eee eee eee eee ee ee eeeereereeeer eres ee ete eee eeeeeeeses 


In no case, however, shall the Contractor be entitled to a 
payment which, in the judgment of the Architect, will leave 
the balance withheld insufficient to complete the work. 


Article 5. The Contractor and the Owner agree that the 
Drawings with all notes now thereon, the Specifications and 
the General Conditions of the Contract are, together with this 
Agreement, the Documents forming the Contract, and that 
the said Drawings, Specifications and General Conditions 
are as fully a part of the Contract as if hereto attached or 
herein repeated; and that should the Contractor and the 
Owner fail to sign them the identification of them by the 
Architect shall be binding on both parties. 


©),¢, G10 (0). gfe (61 fe ene) 9) :0.,6, 10/0; ') a: /8) 0 0 Ouvifele, ane, b euw lee, elms a teikun Miele! sexe leis © eienanieak 
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The Contractor and the Owner for themselves, their iG: 
cessors, executors, administrators and assigns, hereby agree 
that they will in all ways be bound by the Documents form- 
ing the Contract, and that they will abide by and will 
promptly and fully carry out all decisions given thereunder, 
and that they will fully perform all of the convenants and 
agreements therein contained, in witness whereof they have 
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hereunto set their hands and seals, the day and year first 
above written. 
In Presence of 


ee 


Rao ea ear (Seal) 
(This Agreement is not fatented to diminish the use of 
the Uniform Contract, the publication of which is continued 
by the American Institute of Architects and the National As- 
sociation of Builders. This Agreement is issued in two styles, 
identical in wording: One, Style A, is intended for carbon 
duplication, the other, Style B, is intended for reproduction 
by blue-printing. This is Style A.) 


STANDARD FORM OF BOND OF THE AMERICAN INSTI- 
TUTE OF ARCHITECTS 


Know all Men by these Presents: That we (Here insert the 
name and address of the Contractor.) 


hereinafter called the Surety or Sureties are held and firmly 
bound unto ® 


ietel®ieile eels) © mle lol's le vs 6 = ee © wie 0 6.0 #0 0 0 2 @ Cie 6 0010 0 2 C100 6.0.0 6.60 0 6.0.0.0 0 6 2.0 


for the payment whereof the Principal and the Surety or 
Sureties bind themselves, their heirs, executors, adminis- 
trators, successors and assigns, jointly and severally, firmly, 
by these presents. 

Whereas, the Principal has, by means of a written Agree- 
msiahin, CRW Soc bedé Goo MOU GUS OD OUm UNO DNAS DO ORO OGowmn DOLCE 
entered into a contract with the Owner for 


siGlelevelele le missle) <(elale si: s allele es, ea 8 bile se ¢ wleusiethele/ewusiale he ee 606 « ae lees eis 


a copy of which Agreement is hereto annexed; 


Now, Therefore, the Condition of this Obligation is such that 
if the Principal shall faithfully perform the Contract on his 
part, and satisfy all claims and demands incurred for the 
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same, and fully indemnify and save harmless the Owner 
from all cost and damage which he may suffer by reason of 
failure so to do, and shall fully reimburse and repay the 
Owner all outlay and expense which the Owner may incur in 
making good any such default, then this obligation shall be 
null and void; otherwise it shall remain in full force and 
effect. 

Provided, however, that no suit, action or proceding by rea< 
son of any default shall be brought on this Bond after 
ete olieafsietche, = Dresses months from the day on which the final pay- 
ment under the Contract is made; and that service of writ 
or process commencing any such suit, action or proceeding 
shall not be made after such date. 

And Provided, that any alterations which may be made in 
the terms of the Contract, or in the work to be done under 
it, or the giving by the Owner of any extension of time for 
the performance of the Contract, or any other forbearance 
on the part of either the Owner or the Principal to the other 
shall not in any way release the Principal and the Surety or 
Sureties, or either or any of them, their heirs, executors, ad- 
ministrators, successors or assigns from their liability here- 
under, notice to the Surety or Sureties of any such alteration 
extension or forbearance being hereby waived. 


Signed and Sealed this ............ AV OLE cc och cen mas e 
nhl ee 
In Presence of 
SG IP Si el'eiie\'s en8' sigh ois sar elieversve Teen’ te: 6 (010 eat BMT CTR CR Mea ene tat cere untae (Seal) 
# Ris Nusicle(e id) s 9/eWaang eS \o's UMTS eres eo) ie EER ee ee ee (Seal) 
SOIC ADCO SOOT Iy She M | oo Se oety bina 6A Sheets (Seal) 
COCO inne REM ee SM 3 c¥a'S Saumur ee. (Seal) 


THE UNIFORM CONTRACT 


Form of Contract Adopted and Recommended for General 
Use by the American Institute of Architects and the Na: 
tional Association of Builders. 


Copyright, 1905, by the American Institute of Architects, Washingto 
D. C. 2. G. Soltmann, N. Y., Licensee for Exclusive Publications Ess 
(Revised 1907) 


This Agreement, made the.......... SACO SSE Sea ee day of 
SSMS eens aes ve . in the year one thousand nine hundred and 
asa scaterties by and between 


OPP eek aS FOO LN) heh ib, whee eke leis evel se tadela he. k. ere 
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the first part (hereinafter designated the Contractor ), and 
ayolo/sisiel eis lefelel svete ie aleie'a's'cleis fers to avs teisne atetetetarr siete oie ete oh eae party 
of the second part (hereinafter designated the Owner ), 
Witnesseth that the Contractor , in consideration of the 
agreements herein made by the Owner , agree with the 
said Owner as follows: 

Article 1. The Contractor shall and will provide all the 
materials and perform all the work for the ......... stelsveretes 
aranokatsagetspakaeodece ote whet Meiarsrs: exole > 0s fone 12 Wisteheretoreie ore tte eke as shown on 
the drawings and described in the specifications prepared by 
Architect, which drawings and specifications are identified 
by the signatures of the parties hereto, and become hereby 
a part of this contract. 

Art. II. It is understood and agreed by and between the 
parties hereto that the work included in this contract is to 
be done under the direction of the said Architect, and that 
his decision as to the true construction and meaning of the 
drawings and specifications shall be final. It is also under- 
stood and agreed by and between the parties hereto that 
such additional drawings and explanations as may be neces- 
sary to detail and illustrate the work to be done are to be 
furnished by said Architect, and they agree to conform to and 
abide by the same so far as they may be consistent with 
the purpose and intent of the original drawings and speci- 
fications referred to in Art. I. 

It is further understood and agreed by the parties hereto 
that any and all drawings and specifications prepared for 
the purposes of this contract by the said Architect are and 
remain his property, and that all charges for the use of the 
same, and for the services of said Architect, are to be paid by 
the said Owner. 

Art Ill. No alterations shall be made in the work except 
upon written order of the Architect; the amount to be paid 
by the Owner’ or allowed by the Contractor by virtue of 
such alterations to be stated in said order. Should the 
Owner and the Contractor not agree as to amount to be 
paid or allowed, the work shall go on under the order re- 
quired above, and in case of failure to agree, the determina: 
tion of said amount shall be referred to arbitration, as pro- 
vided for in Art XII of this contract. 


Art !1V. The Contractor shall provide sufficient, safe 
and proper facilities at all times for the inspection of the 
work by the Architect or his authorized representatives; 
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shall, within twenty-four hours after receiving written notice 
from the Architect to that effect, proceed to remove from 
the grounds or buildings all materials condemned by him, 
whether worked or unworked, and to take down all portions 
of the work which the Architect shall by like written notice 
condemn as unsound or improper, or as in any way failing 
to conform to the drawings and specifications, and shall 
make good all work damaged or destroyed thereby. 


Art. V. Should the Contractor at any time refuse or 
neglect to supply a sufficiency of properly skilled workmen, 
or of materials of the proper quality, or fail in any respect 
to prosecute the work with promptness and diligence, or fail 
in the performance of any of the agreements herein con- 
tained, such refusal, neglect or failure being certified by 
the Architect, the Owner shall be at liberty, after three 
days’ written notice to the Contractor , to provide any such 
labor or materials, and to deduct the cost thereof from any 
money then due or thereafter to become due to the Con- 
tractor under this contract; and if the Architect shall 
certify that such refusal, neglect or failure is sufficient 
ground for such action, the Owner _ shall also be at liberty 
to terminate the employment of the Contractor for the 
said work and to enter upon the premises and take posses- 
sion, for the purpose of completing the work included under 
this contract, of all materials, tools and appliances thereon, 
and to employ any other person or persons to finish the 
work, and to provide the materials therefor; and in case 
of such discontinuance of the employment of the Contrac- 
TOR? Sass 5) ew shall not be entitled to receive any further 
payment under this contract until the said work shall be 
wholly finished, at which time, if the unpaid balance of the 
amount to be paid under this contract shall exceed the ex- 
pense incurred by the Owner in finishing the work, such 
excess shall be paid by the Owner to the Contractor ; 
but if such expense shall exceed such unpaid balance, the 
Contractor shall pay the difference to the Owner . The 
expense incurred by the Owner as _ herein provided, either 
for furnishing materials or for finishing the work, and any 
damage incurred through such default, shall be audited and 
certified by the Architect, whose certificate thereof shall be 
conclusive upon the parties. : 


Art. VI. The Contractor shall complete the sevcral 
portions, and the whole of the work comprehended in this 


Agreement by and at the time or times hereinafter stated, 
to wit: 
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a oY 


Art. VII. Should the Contractor be delayed in the pro- 
secution or completion of the work by the act, neglect or de- 
fault of the Owner , of the Architect , or of any other 
contractor employed by the Owner’ upon the work, or by 
any damage caused by fire or other casualty for which the 
Combtraetopy trie dic6). seas not responsible, or by combined 
action of workmen in no wise caused by or resulting from 
default or collusion on the part of the Contractor , then the 
time herein fixed for the completion of the work shall be ex- 
tended for a period equivalent to the time lost by reason 
of any or all the causes aforesaid, which extended period 
shall be determined and fixed by the Architect ; but no 
such allowance shall be made unless a claim therefor is 
presented in writing to the Architect within forty-eight 
hours of the occurrence of such delay. 

Art. VIII. The Owner agree_ to provide all labor and 
materials essential to the conduct of this work not included 
in this contract in such manner as not to delay its progress, 
and in the event of failure so to do, thereby causing loss to 


the Contractor , agree TRAE carat neue es will reimburse 
the Contractor for such loss; and the Contractor agree 

PHAGE IED te nesters chat cans shall delay the progress of the work so 
as to cause loss for which the Owner shall become liable, 
THOT Me ircty rzte aloes shall reimburse the Owner for such loss. 


Should the Owner and the Contractor fail to agree as to 
the amount of loss comprehended in this Article, the deter- 
mination of the amount shall Le referred to arbitration as 
provided in Art. XII of this contract. 

Art. IX. It is hereby mutually agreed between the parties 
hereto that the sum to be paid by the Owner to the Con- 
tractor for said work and materials shall be ............ 
subject to additions and deductions as hereinbefore provided, 
and that such sum shall be paid by the Owner’ to the Con- 
tractor , in current funds, and only upon certificates of the 
Architect, as follows: 


wilelisital si of eiid lwilelstslinlis falas) @(6\ 0) [66 41 /6,"0\'¢ ¢ eh 6 ¢ 10) wide) eal sieleusis) oa 8) 4.6/6) 640 ele 6) 60 816 ene 


The final payment shall be made within ............ days 
after the completion of the work included in this contract, 
and all payments shall be due when certificates for the same 


are issued. 
If at any time there shall be evidence of any lien or 
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claim for which, if established, the Owner of the said 
premises might become liable, and which is chargeable to 
the Contractor , the Owner shall have the right to re- 
tain out of any payment then due or thereafter to become 
due an amount sufficient to completely indemnify .......... 
against such lien or claim. Should there prove to be any 
such claim after all payments are made, the Contractor 

shall refund to the Owner’ all moneys that the latter may 
be compelled to pay in discharging any lien on said premises 
made obligatory in consequence of the Contractor default. 


Art. X. It is further mutually agreed between the parties 
hereto that no certificate given or payment made under this 
contract, except the final certificate or final payment, shall 
be conclusive evidence of the performance of this contract, 
either wholly or in part, and that no payment shall be con- 
strued to be an acceptance of defective work or improper 
materials. 


Art. XI. The Owner — shall during the progress of the 
work maintain insurance on the same ae loss or dam- 
BEES MY SLLC cosorcssinieisuete ee ae whence oan Se eres Fe eee A the 
policies to cover all work incerpordied in the building, and 
all materials for the same in or about the premises, and to 
be made payable to the parties hereto, as their interest may 
appear. 


Art. XII. In case the Owner and Contractor fail to 
agree in relation to matters of payment, allowance or loss 
referred to in Arts. III or VIII of this contract, or should 
either of them~dissent from the decision of the Archi- 
tect referred to in Art. VII of this contract, which dissent 
shall have been filed in writing with the Architect within ten 
days of the announcement of such decision, then the matter 
shall be referred to a Board of Arbitration to consist of one 
person selected by the Owner , and one person selected by 
the Contractor , these two to select a third. The decision 
of any two of this Board shall be final and binding on both 
parties hereto. Each party hereto shall pay one-half of the 
expense of such reference. 


The said parties for themselves, their heirs, successors, 
executors, administrators and assigns, do hereby agree to the 
full performance of the covenants herein contained. 


In Witness Whereof, the parties to these presents have 
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hereunto set their hands and seals, the day and year first 
above written. 


In Presence of (Space for signatures) 


BUILDERS’ UNIFORM SUB-CONTRACT 
A Form of Contract between Builders, Based upon the Re 
quirements of the Uniform Contract Approved by the Am- 
erican Institute of Architects and the National Association 


of Builders. 
Copyright, 1906, by E. G. Soltmann, New York. 
This Agreement, made the ............ Cay FOL veces cere 
in the year one thousand nine hundred and ............ by 
ANARDESTWEOCN Werte ehs ssc STAN Seetes e ReaT) Wate eckeite overs 
ahaoersts is Torte aretones’ ele\ si'syerelg ste ara w atdteve a: eisaombite eae Rieretoves party of the 
first part (hereinafter designated the Sub-Contractor *), and 
ata teaihehtatehevetets, Heeherets Sc is-etcvo eae aoe ee ee ae party of 


the second part (hereinafter designated the Contractor =) 
Witnesseth that the Sub-Contractor , in consideration of 
the agreements herein made by the Contractor , agree 
with the said Contractor as follows: 

Article 1. The Sub-Contractor shall and will provide all 
the materials and perform all the work for the ............. 
as shown on the drawings and described in the specifications 
DECDALCCIAD vale cisrctae cleisie'sidw dgetle wl clot ates miata er tepak lew a ceri eee oe 
Architect for said building. 

Art. Il. It is understood and agreed by and between the 
parties hereto that the work included in this contract is to 
be done under the direction of the said Architect , and that 
ote aoe iayelaicienete decision as to the true construction and mean- 
ing of the drawings and specifications shall be final. It is 
also understood and agreed by and between the parties here- 
to that such additional drawings and explanations as may be 
necessary to detail and illustrate the work to be done are 
to be furnished by said Architect , and they agree to con- 
form to and abide by the same so far as they may be con- 
sistent with the purpose and intent of the original drawings 
and specifications referred to in Art. I. 


© Oia. 010) 6 Cee 0 6 6 0.0 w elete cs ele ee cose OF es Oe eee S HM MBM Se ete eee eee ene e 


Art Ill. No alterations shall be made in the work except 
upon written order of the Contractor ; the amount to be 
paid by the Contractor or allowed by the Sub-Contractor 


*A Partnership Firm, Company, or Corporation can avoid writing the 
“S” throughout the entire contract, by NOT adding it here. 
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by virtue of such alterations to be stated in said order 
Should the Contractor and Sub-Contractor not agree as 
to amount to be paid or allowed, the work shall go one under 
the order required above, and in case of failure to agree, the 
determination of said amount shall be referred to arbitration, 
as provided for in Art. XII of this contract. 


Art. IV. The Sub-Contractor shall provide sufficient, 
safe and proper facilities at all times for the inspection of 
the work by the Contractor , the Architect or their au- 
thorized representatives; shall, within twenty-four hours 
after receiving written notice from the Contractor to that 
effect, proceed to take down all portions of the work, and re- 
move from the grounds or buildings all material, whether 
worked or unworked, which the Architect shall condemn 
as unsound or improper, or as in any way failing to conform 
to the drawings and specifications, and shall make good all 
work damaged or destroyed thereby. 


Art. V. Should the Sub-Contractor at any time refuse 
or neglect to supply a sufficiency of properly skilled workmen, 
or of materials of the proper quality, or fail in any respect 
to prosecute the work with promptness and diligence, or 
fail in the performance of any of the agreements herein con- 
tained, the Contractor , with the approval of the Architect , 
shall be at liberty, after ..........65 days’ written notice to 
the Sub-Contractor , to provide any such labor or materials, 
and to deduct the cost thereof from any money then due or 
thereafter to become due to the Sub-Contractor under this 
contract; and if such refusal, neglect or failure is sufficient 
ground for such action, the Contractor shall also be at lib- 
erty to terminate the employment of the Sub-Contractor 
for the said work and to enter upon the premises and take 
possession, for the purpose of completing the work included 
under this contract, of all materials, tools and appliances 
thereon, and to employ any other person or persons to finish 
the work, and to provide the materials therefor; and in case 
of such discontinuance of the employment of the Sub-Con- 
tractor mee ee eee shall not be entitled to receive any fur- 
ther payment under this contract until the said work shall 
be wholly finished, at which time, if the unpaid balance of 
the amount to be paid under this contract shall exceed the 
expense incurred by the Contractor in finishing the work, 
such excess shall be paid by the Contractor to the Sub- 
Contractor ; but if such expense shall exceed such unpaid 
balance, the Sub-Contractor shall pay the difference to the 
Contractor . The expense incurred by the Contractor as 
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herein provided, either for furnishing materials or finishing 
the work, and any damage incurred through such default, 
shall be chargeable to the Sub-Contractor 


Art. VI. The Sub-Contractor shall complete the sev- 
eral portions, and the whole of the work comprehended in 
this Agreement by and at the time or times hereinafter 
stated, to wit: 


SO SOR) 6) 9) O16 © A018) 64 0.00. 66 10 (66 #6 ¥\0 ae DLs SOR we cerereorerecesrecsssecce 


Art. VII. Should the Sub-Contractor be delayed in the 
prosecution or completion of the work by the act, neglect or 
default of the Owner , of the Architect , of the Contrac- 
tor , or of any person employed by the Contractor upon 
the work, or by any damage caused by fire or other casualty 
for which the Sub-Contractor ............ not responsible, 
or by combined action of the workmen, in no wise caused by 
or resulting from default or collusion on the part of the Sub- 
Contractor , then the time herein fixed for the completion 
of the work shall be extended for a period equivalent to the 
time lost by reason of any or all causes aforesaid; but no 
such allowance shall be made unless a claim therefor is 
presented in writing to the Contractor within forty-eight 
hours of the occurrence of such delay. 


Art. VIII. The Contractor agree to provide all labor 
and materials essential to the conduct of this work not in- 
cluded in this contract in such manner as not to delay its 
progress, and in the event of failure so to do, thereby caus- 
ing loss to the Sub-Contractor , agree that ............ 
will reimburse the Sub-Contractor for such loss; and the 
Sup-Contractor s, agree that if sas5..0 6. shall delay the 
progress of the work so as to cause loss for which the Con- 
tractor shall become liable, then ............ shall reim- 
burse the Contractor for such loss. Should the Contrac- 
tor and Sub-Contractor fail to agree as to amount of loss 
comprehended in this Article, the determination of the 
amount shall be referred to arbitration as provided in Art. 
XII of this contract. 

Art. 1X. It is hereby mutually agreed between the parties 


hereto that the sum to’ be paid by the Contractor to the 
Sub-Contractor for said work and materials shall be ...... 
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subject to additions and deductions as hereinbefore provided, 


820 RADFORD’S ESTIMATING AND CONTRACTING 


and that such sum shall be paid by the Contractor to the 
Sub-Contractor in current funds, as follows: 


B16 0 66 010 0)6 6 6aLe, Seng 60,6) #616 O10 (0160! OTe armie: eee eee eee erereeeesoeersere 


The final payment shall be made within ............ days 
after the completion of the work included in this contract. 


Art. X. It is further mutually agreed between the parties 
hereto that no payment made under this contract, except the 
final payment, shall be conclusive evidence of the perform- 
ance of this contract, either wholly or in part, and that no 
payment shall be construed to be an acceptance of defective 
work or improper materials. 

Art. XI. The Contractor shall during the progress of the 
work maintain insurance on the same against loss or damage 
By MPs) 2 sic. g Ses Rete e asia Ce eR ea eile Le yminie yes ssi! oiole oi a 
the policies to cover all work incorporated in the building, 
and all materials for the same in or about the premises, and 
to be made payable to the parties hereto, as their interest 
may appear. 

The Sub-Contractor agree to indemnify the Contractor 
against all claims or demands for damage arising from acci- 
dents to persons or property occasioned by the said Sub-Con- 
tractor OTS won tea ok employes, and the Contractor 
agree to indemnify the Sub-Contractor against all claims 
or demands for damage arising from accidents to persons or 
property occasioned by the said Contractor oF ...e........ 
employes, during the performance of this contract. 

Art. XII. In case the Contractor and Sub-Contractor 
fail to agree in relation to matters of payment, allowance or 
loss referred to in Arts. III or VIII of this contract, or fail 
to agree under the stipulations in Art. VII of this contract, 
then the matter shall be referred to a Board of Arbitration 
to consist of one person selected by the Contractor , and one 
person selected by the Sub-Contractor , these two to select 
a third. The decision of any two of this Board shall be final 
and binding on both parties hereto. Each party hereto shall 
hereto pay one-half of the expense of such reference. 


oe bee eeresereee Coe ere roeererenrecceccccces 


“The eta paoties for themselves, their heirs, successors, 
executors, administrators and assigns, do hereby agree to the 
full performance of the covenants herein contained. 

In Witness Whereof, the parties to these presents have 
hereunto set their hands and seals, the day and year first 
above written. 

In Presence of 

(Space for signatures) 
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FORM OF CONTRACT FOR BUILDING 
(Eugene Dietzgen Co., Chicago, Tl.) 


This Agreement, Made and entered into this ........ day 
OF ee ea: ck ee A. D. Nineteen Hundred and 
BO SB AD Ie Aes by.and petweentase: «5. oe eee ee 
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Sete SES te outers .+e..... Owner , part of the second part: 


Witnesseth, That the said part of the first part, for and in 
consideration of the payments’ tombe made to o...5.005.0..8. 
by the said part of the secend part as hereinafter provided, 
do hereby covenant, contract and agree to .............. 


Sue eee) Sie)? bets ae ies ©. ese elaine (eh alrate siete) eke) eV one) eve, imitaysiaitels;-ol(eleui\ sits) 0) oycuel ol eveusiers.sone 


aelenna Cee ener  wikel'eje.te: F400) ‘9: ohn), sats igvievete okeuel nied ty oh aa T eile teMgisy sleresbl siete ita! (exeversie, 0 


agreeable to the plans, drawings and specifications made by 
Bs 5s BES PEA Ee OR AR eral AS. el Architect , in a good, 
substantial and workmanlike manner, to the satisfaction of 
and under the direction of the Superitnendent. And said 
part of the first part also do agree to find, provide and 
furnish such Materials of such kinds, qualities and descrip- 
tions as shall be fit, proper and sufficient for completing and 
finishing all the work or works mentioned ................ 


mares Siete eles ier eis ces\s) al.e)/¢ a osfoi'e 1a ts!\e!e\(s\iei"6) Nel ie)/.s Velelleleneliai aie aiehis.-sijel d/akaretatie decuheiee aieie 
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And said part of the second part, for and in consideration 
of said part of the first part strictly performing the cove- 
nants and agreements as above specified, by and at the times 
mentioned, and to the entire satisfaction of ................ 
aE cM es usin ouster at sue esi y Sxonaveiaree Superintendent , do hereby agree 
to pay to the said part of the first part the sum of ....... 
Dollars, on certificates of 
Superintendent , as the work progresses, to-wit: ........... 
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and the remaining amount-within <2... er..scee days 
after faithful completion and acceptance of all the work. 
It Is Agreed by said parties, that the .................0. 


per cent agreed to be reserved shall be held by the pro- 
prietor as security for the faithful completion of the work, 
and may be applied under the direction of the Superin- 
tendent , in the liquidation of any damages under this con- 
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tract; also furnishing, whenever requested, to the part of 
the second part, a release from any liens or right of lien. 

It is further agreed that the specifications and drawings 
form a part of this agreement, and are intended to co- 
operate, so that any works exhibited in the drawings and 
not mentioned in the specifications, or vice versa, are to pe 
executed the same as if they were mentioned in the specifica- 
tions and set forth in the drawings, to the true intent and 
meaning of said drawings and specifications, without any 
extra charge whatsoever, 

It is also further agreed that the said part of the sec- 
ond part may make any alterations, deviations, additions, 
or omissions from the aforesaid plans, drawings, and specifi- 
cations, or either of them, which ......-..+-++++++-+- shall 
deem proper, and the said Architect shall adyise, without 
affecting or making void this Contract, and in all such cases 
the said Architect shall value or appraise such alteration, 
and add to or deduct from the amount herein agreed to be 
paid to the said part of the first part the excess or de-. 
ficiency occasioned by such alteration. 


Tt is further agreed that in case any difference of opin- 
ion shall arise between said parties in relation to the con- 
tract, the work to be performed under it, or in relation to 
the plans, drawings and specifications hereunto altered, the 
GECISIONs OL | ouch cicke be telele Se eleiseiete seer SG eR cterate sl <herte the 
Architect , shall be final and binding on all parties here- 
under, or, if preferred, the decision of an umpire selected 
by two men, one of whom is appointed by the owner and 
the other one by the contractor, shall be final and binding 

on all parties hereunder. 


It is further agreed that all payments made on work dur- 
ing its progress, on account of the contract, shall in no case 
be construed as an acceptance of the work executed; but 
the Contractor shall be liable to all the conditions until the 
work is accepted as finished, and all the plans, details, ele- 
vations and sections of each and every kind are returned to 
the Architect , before the final certificate is given. 


it is further agreed, should the Contractor fail to fin- 
ish the work at or before the time agreed upon ............ 
shall pay to or allow the proprietor by way of liquidated 
damages,, the Sum | Of . 00:08 o.cs.cieletem ol dielere sim ovules, aiielelSrelesa miele 
dollars per diem for each and every day thereafter the said 
work shall remain incomplete. 


It is further agreed that the Contractor, at his own 
proper cost and charges, is to provide all manner of mate- 


a 


SHORT FORM OF PROPOSAL 823 


rials and labor, implements, scaffolding, moulds, models and 
cartage of every description for the due performance of the 
several erections, 

It is further agreed that the owner shall not in any man- 
ner be answerable or accountable for any violation of the 
city ordinances, or for any loss or damage that shall or may 
happen to said work or materials, or any part or parts 
thereof respectively, or for any of the materials and other 
things used and employed in finishing and completing the 
same. (Loss or damage by fire excepted.) 

In Witness Whereof, The said parties of these presents 
have hereunto set their hands and seals the ............... 
day and year first above written. 

Contractor : Part of the First Part. 


Owner : Part’ of the Second Part, 
Solas CHO ete) Sea URES cote ta eens (Seal) 


Witness: 


Ce td 


SHORT FORM OF PROPOSAL FOR WORK 


The following form of letter—which, when formally ac- 
cepted, constitutes a contract—may be used as a guide when 
small jobs or repair work are to be done. One of the reg- 
ular forms of contract, as already given, should be used for 
work of any considerable amount or importance. 


Chicago, se) ms ae tislersisters eiete <retterelaiere 1913. 
IES 65d < A Ie ODO COR CROCr CII or 
INO se eta clos siete ale: docks Weep toile Ave., 
Chicago, III. 
Dear Sir: 
I hereby propose to do work as follows on your prop- 
erty situated at No. ......--s+eeeeeeeers Ave., Chicago, Ill: 


Construct a rear porch according to sketch agreed upon 
between us and described in detail of construction as fol- 
lows: 

2x6-inch joists spaced 16 inches on centers, placed parallel 
with the rear wall and frame flush between 6x8-inch girders 
resting on 12-inch brick piers of a suitable height. 

Floor of porch to be covered with %x4-inch quarter- 
sawed hard pine flooring, matched and blind-nailed, and 
tightly strained. Edges of floor to be rounded with a cove 
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underneath. Finish under the floor and in front of the piers 
with wide white pine casings, and fill in the spacing between 
the piers with diagonal lattice work 4 by 1% inches, with 
114-inch spaces and 11% by T-inch beveled base. 

Posts for porch are to be 4x4-inch straight, well-seasoned 
yellow pine. Posts to support a 4x8-inch girder. 


Rafters to be 2x6 inches, with 2x8-inch hips. 

Porch roof to be fastened to rear wall by four %-inch 
bolts, 14 inches long, fitted with 4-inch square washers. 

Bottom of rafters to be furred for level ceiling and ceiled 
with 34x4-inch center beaded ceiling, with %-inch quarter- 
round around edges. 

Plate to be boxed to form a false beam. Cornice to be 
finished with 4-inch crown mold, 4-inch fascia, 10-inch plan- 
ceer, and 21%4x%-inch bed mold. Locate gutter back of crown 
mold. Bottom of gutter to have a fall of 114 inches to 
outlet. 

Roof and gutter to be covered with tin. 


Space between posts to be filled with plain balusters 
13% inches square, set 4 inches on centers, and 2 feet 6 
inches long. Top and bottom rails to be made of beveled 
2-inch by 4-inch white pine stock. 

Build steps to porch on 2x10-inch plank carriages, 16 
inches on centers, resting at the bottom on a concrete slab. 
Treads to be 114 inches thick, risers i-inch, rounded noses, 
returned at the ends with cove underneath. 

Strings to be cased with %-inch stock, and filled in to 
ground with lattice work same as under porch. 

All work to be done in a proper and workmanlike man- 
ner’ forthe “Sum SOL (ee «1. 2 ete et tetaieterererets dollars, and 
same to be due and paid in cash when work is complete. 

T am to supply all required materials, tools, ete. 


Trusting that this will prove satisfactory, and awaiting 
your further orders, I remain 


Yours very truly, 


ACCEPTANCE 


I hereby approve and accept the above proposition, and 
instruct you to proceed with the work with.all possible speed. 


Sigmied.nie ss se ewe eae aus<clers. cca tine eee 


BLANK FORMS OF ESTIMATE 


In addition to the detailed forms of estimate which have 
already been shown, the following blank forms of general 
estimate are given: 

Blank Form for Estimate 
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BLANK FORM FOR ITEMIZED ESTIMATE 


Following is a blank form for estimating, and checking 
on estimates, with schedule of items ordinarily entering 
into house construction: 

BUILDING ESTIMATE 
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No of Windowsi.ccn...cn ee heeaes 


Length} Feet 


Board 
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Porch joists 
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Studding 
Side studding 
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Roof Timbers 
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Collar beams 


aS 


Sheathing 


Outside walls 


Gvelretelete) [fel etc! sis 4! 96) 6) Wie pim’a' @)@) eels 1c» 6/4 (ce 6016) 86) 4\/6) 69 06) 8 [eS \610 


favahevevenahitislovelele) ol Masala al 6 (eV al@ js fe)is\ (6: 6106 6) ae,e06 e4c8 O¥elleie vis) /«: (eth colle) 


Shingles 
| Dimension shingles 


Siding 
Jet eer ee 
Beveled siding 


Bras ees Col Shoei ires hie POCONO, CIOL ACKOMCRCI CIR TuC IDE CIOR ALLOA Dont oC) iC Arar ACrCNE | ;OAC ILO OT 


Barn siding 


eT 


Battens 


1% Ogee battens 


14-inch battens 


al 


Furring 
1x1inch 
sie soars Beer dareenns gene" aE iar ee ean ARoilteete a 


828 RADFORD’S ESTIMATING AND CONTRACTING 


ee ce i ir Pc es Pc a ers 
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1-2 Inch Finish 
Fe as ee ee 
Panels | 


Porch floors 
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Ceiling 7-8 x 


Porch ceilings 
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Porch posts 
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MISCELLANEOUS DATA FOR READY REFERENCE 


The following miscellaneous data may frequently be found 
of value for ready reference in solving problems, making esti- 
mates, etc. 

1,728 cu. in. make 1 cu. ft. 

27 cu. ft. make 1 cu. yd. 

1 Ib.—27.681 cu. in. of distilled water. 

1 gal. of water at 62° F. weighs 8.336 Ibs. 

A cu. ft. contains 7.48 gals. at 62° F. 

To find the diameter of a circle, multiply circumference by 
31831. 

To find circumference of a circle, multiply diameter by 
3.1416. 

To find area of a circle, multiply square of diameter by 
.7854; or multiply radius (one-half diameter) by circumfer- 
ence, and divide product by 2. 

To find the surface of a ball, multiply square of di- 
ameter by 3.1416. 

To find side of square approximately equal in area to a 
given circle, multiply diameter by .8862. 

To find cubic inches in a ball, multiply cube of diameter, in 
inches by .5236. 

Doubling the diameter of a pipe increases its capacity four 
times. 

One ton of coal is equivalent to two cords of wood for 
steam purposes. 

There are 9 sq. ft. of heating surface to,each sq. ft. of 
grate surface. 

A cubic foot of water weighs 624% lbs. 

Each nominal horse-power of a boiler requires 30 to 35 
lbs. of water per hour. 
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A horse-power is equivalent to raising 33,000 Ibs. one ft. 
per minute, or 550 lbs. one ft. per second. 


To find the capacity (U. S. gallons) of cylindrical tanks, 
square the diameter, expressed in inches, multiply by the 
length, and by .0034. 


To find the thickness of steel to be used in hollow cylinders 
under tension, such as pipe lines, etc., multiply the specified 
working pressure in pounds by the radius of the cylinder in 
inches, then by the factor of safety, and divide the result ob- 
tained by the tensile strength of the steel, multiplied by the 
percentage efficiency of the riveted joint employed. 


Boiler Horse-Power—The evaporation of 30 lbs. of water 
per hour, from a temperature of 100° F. into steam at 70 Ibs. 
gauge pressure. 


One pound of water evaporated from and at 212° is equivas 
lent to 965.7 British Thermal Units. 


To find the number of sq. ft. of heating surface in tubes, 
multiply the number of tubes by the diameter of a tube in 
inches, by its length in feet, and by .2618. 


To find the bursting and safe working pressure of a boiler 
shell, multiply the tensile strength of material by the thick- 
ness of the plate. Then multiply the result so found by the 
efficiency of the joint, and divide by the radius of the boiler. 
This will give the bursting pressure. The bursting pressure, 
divided by the factor of safety, will give the safe working 
pressure. The factor of safety of 5 has been generally ac- 
cepted by eminent engineers and boilermakers. 


The average consumption of coal for steam boilers is 12 
lbs. per hour for each sq. ft. of grate surface. 


To find the pressure in pounds per square inch of a col- 
umn of water, multiply the height of the column, in feet, by 
434, 


Steam rising from water at its boiling point (212 degrees) 
has a pressure equal to the atmosphere (14.7 lbs. to the sa. 
in.). 


To evaporate 1 cu. ft. of water requires the consumption 
of 7% Ibs. of ordinary coal, or about 1 Ib. of coal to 1 gallon 
of water. 


To estimate the quantity of sheeting or of shiplap, cal- 
culate the exact surface to be covered, deducting openings; 
then add the following percentages: 
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Sheeting Shiplap 


OTS ELOOLEREs Sores bls cc ele 6 1/7,or15 percent 1/6, or 17 per cent 
HOT SIGS WAS enix 6106054) eone 1/6, or17 percent 1/5, or 20 per cent 
HORE POOLS Es wicc so «slo oie 1/5, or 20 percent 1/4, or 25 per cent 


For trench machine work, from $7.00 to $10.00 a day 
should ordinarily be added for rental. Also add the cost of 
the sheeting, plank, and pumping. In estimating the cost of 
trenching work, look out for the boulders. : 

Common shapes of structural steel are illustrated as 
follows: 


FOR/ 


Common Shapes of Structural Steel. 


CUBICAL CONTENTS OF ROOMS 
Tables 5 to 9, compiled by the Chicago Heater & Supply 
Co., give the contents, in cu. ft., for various-sized rooms with 


different heights of ceiling. 


door joose jooze £ JOLT OO [OOle Z JOBE O0LZ y09Z WOSz OOF JOD j00Zz ]OOTS J000z JUG! JOOST JOOZT 00ST foosT 
ovge leror |zsse josve jooce 9ze \gote \zzoe loz6z v82z |aeoz [2692 loove joorz |rocz [soze \zttz foroz joz6r |pzat feczt [ccot jocst jorbt 
089 fore |bore izice lozee sere jocoe |yroz leouz lwagz jozsz |vxvz |zeez jooez \sozz jortz |bzoz \ze61 JOrs! \erzt jgsot |egct \zzbr joser 
oese [Free jase iegir nave \zenz Ioez lorse \xzzz zacz love lozez [e8zz looze \z1tz \pzoz loner Iebst jo9zt \czor |ygst fart fBovL jocet 
o9ee [cole \Rore [tcoe oboe lovsz lzzzz \gs9z Ipooz locrz \estz \yocz Ipsiz jooic joloz (zee [srs [921 \0991 Joost |c1st JBcvE jrrcf logci 
onze vror |no6z jorvz loose lozzz lor9z loose logrz 20z lovez [0912 jovoz \oooz lozer jovsi losat looor jozst lorrt joger joszi loc 
jt06z |9R@z. \MOwe Lzz [coz |bze2 loerz |sire 9z2 |reiz oor fxcoz loser {ez81 |rozt C91 fo9st lyzbr |rort jgcer jebct OLIT 
WBRE \Z182 9ezz lov9c |xSz \gosz \zevz losez hozz (sziz \csoz lazer loo6t |pest [sret 9661 lozsr lrpvr faoet \zuzt lorcet jovi 
Hi 42 |b99z assez larsz [ar¥e \goee lnezz z |czoz (8661 |rcor losst jozzs |zozt Sct oars loops [cet feszt [rset ort 
265% [0092 [srr fozez |rote (cece 380z jo10g {rror \zze joost (szzt losor Sist lover ‘goes lcci |razt festt losor 
| losez fosez jorez jorze loziz lovoz looet Joost jozst loszr josar loro lover loort forex loz foot ocr losor 
zice |rrzz loci [sorz z261 [oat loos feozt joozt |ceor |poct lat joort leozt recs {Sts fasor locor 
8212 [2112 joroz jouer |pt6r frat \zszt jatzt josor |psst \RrSI loser lozer |pszt fesit fect josor loos 
voz |ra6t lozr Joset \cozt [seer [991 joa lovse |ezht HOLE JOxzt lorzt |eSit jse01 |rcot [096 
Z61 Joost |gezi joczt \rz8t \zt91 josst |sSrt lozbl Zoet love pal pu SOI (206 loLG 
lovzt jos9t jozor foasr joosr jorra jogtt jozct loozt loozt joriT j0801 jozor Jo96 4006 
Z891 |rzor logt jaost loghr joer (reer fazer stzt joorl ‘zort |pror 936 jec6 loss 
89ST lcISt losht joopT [PFET jeRct |zezt \oztT jot |pgor {rool es jon8 jors 
sch Ovl loser loot ‘eat \estt lpett Joror fozor \ez6 [816 \9S 01s 
S01 (oct \gbzt lo6tt |vit \cvot oor [886 joce |rss |ces love 
‘oszt joozx fost loort josor jooot lose Joos jocs- loos |osz 
ZSII [Fort sor out love zi6 [p98 fre iBOL ZL 
lgcor {cior (996 |oz6 |rex jsex jeez ord ‘069 
896 [2G sR fore |c6s jBFZ {ros (099 
cvs lors |gsz jose [pte {ozo loco 
8° ]09L \OZZ j089 |0F9 j009 
zzz [89 lor9 |so9 ozs 
869 [219 92S lors 
815 |S lors 
Z1$ jose 
ch 

st_ler_tan ler tion lor lier for leer or leer ler leer ler ltr lar itor lor tte le lia le tae le 


SSS 


(asIy “J 8 SSUTTIOD) 
JaueWg puke "4 OZxXGZ SWIOOY JO s}zU9}U09 JeIIGND 


§$ ATEVL 


836 


OS |FrIh |SEOF |TE6E Sz8E 
O80F |826€ |9Z8E |PLLE [229 
Ol6E |ZI8E |SIZE |Z19€ |GISE 
OFZE |LP9E JESSE |O9FE O9CE 
OLSE |ISFE \Z6EE \c0ES [eIze 


oore |stee peze forte lose 
ece [arte 90 FREE 

6908 [3862 |206z 

06z [lesz 

LG 


0% it6t_| 61 list | st 


61LE 
0LSE 
Tare 
S28 
POLE 


S26 
1062 
rasa 
eSLz 


1096 


“Al 


BL9Z | 


i) 
{ 


jST9e 


S9FE 


‘bCEE 


J62TE 
Seog 


(068e 
818Z 


E292 j 
1096 


LSbZ 


4 


I90SE 
998¢ 
9SZE 
9808 
Sh6S 


S08 
sE2z 


9F22 [S992 


S6So 
SZSq 


628% FSbZ 


FSET 
PIES 


{OT 


joore (rece 
jpoze jzore 
8zIg lOe0g 
Z66% |668z 
gage |292z 


ozzz |se9z 
lecoz je9sz 
ip3cz [e0Sz 
91Go [sebe 
BPFZ [CLES 


heez soe 
Zres lore 
rEez [PLIZ 


CEOS 


or _ifst 


'9L1z |SOT. 


881E |T80e 
& |8S6z 
EE6S |SE8S 


G08z {LIZZ 
[gz9z iggsz 


logge: sore 
NFS [eurZ 
ardhasca 
lgctz losze 
S62z 6122 


1ese (291z 
891Z |S60z 
Oz |re0s 
FOS i<Z6L 
9461 ‘O1GT 


€1G1 GEST 
L8LT 


\s2oz 
jos8z 
LE1% 
S192 
‘60F2 


| z 
12E% 
192% 
ZOTS 
SFIS 


880c 
ezoe 


{698% |€9zz \999z 
2% (99% |OSSs 


|GE9% |ZFSS HFRS OFET 


\SZSZ LES SEES 
lOLFS |IZES |L€ze 


a 12z [sziz 
leezz ISS1z \220z 
losiz joorz 6102 
. |brO% (9961 


990% '686L |€16L 
eae 6SRT 


eost lezst |eszt 
loegt Rozt \00ZT 
GLLT ISTZI |LFOT 


IZLE 8991 6ST 
P991 |zoor |test 
2091 |AFST 'SgFI 
6FSI (corr lrert 
ZF |ISET 


Na 


10982 
lorEz 


(PRES 
ie 


0F0% 
6861 
‘8E6L 
288T 
ae 


S8ZT 
jPELt 
SO 
'SE9T 


joest 
age 
iSCPL 
281 
yaa 


SLT 
PSST 


ISSt_ 


PRS 
9bez 
Shzz 
istz 
les0z 


jSs6t 
9061 
iLS8L 
{S08I 
O9ZT 


ItZt 
c99T 
SOT 
FOST 
SST 


99FT 
LIFT 
jG9ET 


a4 

(54 
ISIS 
LE0Z 
'PO6T 


ton 
esl | 
jLLLT 
74 § 
| SOT 
9 


EOL 
06ST 
erst 
96FT 
fr 


TESS [STIS 610% 
SOG |SS6I |ZS8T 


) 


boat 88hI 

21ST iSFyT fezer [10 

E2FT [ert \ceer \29 

Szpr joget [zazr rz 

ESET fase zsct [98 
S 


eet 
FEST GEST |IZIL |60 
SET JOGLL |TEIL [LZ 
SOGE |SFIT O60T | 


‘9TTT S900 6001 


It pe ie 


966 
jEZOL [0ZOr (696 [st6 


161 |908T 
ShIS \OFOS |SEGT |SEST 


LT 


F96T (OZST [2221 [Egor 
LSE [SSL 1969I |Z09T 


SS2t lOozt [Stor loest 
lopzt \gcot |ozst izort 
9691 |SIOL [FEST [FSPI 
ISOT [G21 fFGFL (SIFT 
2091 |0est ce 2g 


18k [108k 


fae 
ras 
a3 
IL 


AZT jLIZL SFI 


It 
Or 
OL 


9201 [826 [626 088 


486 [68 [SFS a 


(q3Iq “33 %g ssurp1ep) 
AayJEUg puke R34 OZxGz Swooy JO sjus}U0Dg jedIqng 
9 S18VL 


Z86 |S86 [S88 jctB 


8 


FELT 
991 
06ST 
291 


igas 
60FT 
eZet 
LEST 
TOE 


oT 
eae 
Z61T 
OSI 
OCI 


PSOT 
SPOT 


S26 
686 


806 
498 
tes 
S6L 
6S2 


rate) & 


As 
EOL 
POST 
96FI 
8chT 


OSS 
SZET 
6c 
iSSZI 
PEST 


O6TT 
OSTT 
teqas 
880 
SOT 


OZOT 
986 
ZS6 
S16 
P38 


(OSs. 
918 
8k 
Sh 
PIL 


[P6ST 
(OST 
99FT 
OFT 
Eel 


is2er 
Gixat 
U1ZT 
lezt1 
SFIL 


Kran 
1221 
91ST 
O9TT 


SOIT 
ZL0T 
OSOT 
2cOl 


S66 


296 
6G 
z16. 
PSS 


ESET (S221 


Zo 
LUT 
Zell 
TLO1 


OZOT 
S66 
696 
bF6 


816 


268 
298 
cbs 
9tS 
162 


G9ITiesoT}O96 

ZZLHOZOUSIS (918 | FS 
SLOTISL6 BL | 8% 
6ZOUSEG [2h8 8FZ | ZS 
286 [68 [608 FIZ | 1% 
Se6 OL 0% 
Z16 [628 |9FL 1899 |f6T 
888 1203: |222 969 | OE 
S98 J98Z |80z 629 ¢8T 
GPS |G9Z. 1689 |219 |. SE 
SIS iFFZ 1699 'c6s Eze 
S62 \@eZ 10S9 |8zg | zt 
TEL LOL |1E9 |L9¢ |foT 
SFL 1089. i219 or 
SL |6S9 1663 229 |¥Sr 
TOL |ze9 bes 1S.} SE 
1829 |919 Iscg le6r ItFE 
SS9 |S6S l9eS jozb | $I 
jL€9 |F2G [91s 6ce ¥er 
809 i293 |L6r ieee | St 
FSS |1eS \82b Ieee let 
19 [OTS [6c% (SOF |.ZE 
(RES 68h OFF |T6E ETT 
IS [29% |1ZF ze] IT 


837 


Oosy jozzb jevIy 090 jatoe iszbe jee a ee ie1Bz OLE Buse T 8801 (9251 
Ozer |p01¥ [9608 26 (CLO ve se (ele fra0e fez 22 pared tz (es0e 21 jozor \ztst 
only |rest joewe jozee jegor Jose ive leis ze BOLE oz leone [seer Kare fuses zee ‘rere fozoe Loot feast 1 lessor [opr 
one |zoze [e9oe pose sore oee [Lace ‘sore = i 1282 cu uog hese Bbc jouce bea x12 040% Jw [8 fowl 1 [seer lover 
osze |rest bales wore letze note ei ial ia ggz |zokz al ar 112 \ozuz poe poe 1 |LOLE 2 ee 1h1 lezet 
cove lozve foeee jorze josie 262 F silica % forex joscz jootz lozoz osst ost jooRt Jprzt jeer post ie 1 loozt 
see |zvze joste {1208 \r868, joeaz ba se9z (svSz bet cz lesee fiz loote (stor {reer (west jsazt |oOL jo8st iZovt front Jorft joccx 
avze |rore eer 662 8z |9ELZ |IS0z fsosz ‘ORK z leczz Weerz [za0z {e961 liver ‘96zt Joizt \ézor ‘eect rept oer Jesct |ort 
loa (2662 iv 162, |tsne lzo2z |r aoc liwsz 'eorz ae Teed perez (Gots f180¢ Moor ‘slot eeet ‘Bvzt 00r lest joort |Gi¥ Be IwrCT ot 
16% loeez Walz (ezoa \zesz |I192 ‘oeve nite 81z loo1z fszoz \rret out eezt foet m per part HLex oct pcr were 
Lz ra zz \s0ez loztz javoz ‘oer. josst {1181 eet jpsot ‘szot loot fBt¥E eeer jogzt |tstt leort 
OBE ese a 182 | es 12z ebiz fogoe 6861 fever fest joozt lear \zoot joest lesrt eet |toet wzzt “BPI [1201 
ve meee este lounc fod ‘root set feszt laoct peor feast sent jlive [eect oct est ttt vor 
Z (Scee ‘wre javoz lovoz froel \zz¥1 (OOBT ZLI \SOI, WAST ZIST | 1 [oozt frzzt zstt josor |s001 
Ove peor eaoe feset fesse vist vect plot root SESE ORE [eoet fazer Joszx feTt fort lovor [426 
61 josst lezet |cszt |egor lozor lesst be 11 loser jegzr [erat japrt losor letor \sve 
izost [228K (c9zt (2691 |te9r Joost lrost joevt lozer |soer jopzt feztt \6ort PrOr f626 rts 
vozt |tozt [sear lozst latst jerrt lover lezer jogzt |26rt jpett /1Z0r \s0or |sr6 ces 
Ot josst jerst fecrr \zeet \zeet ozzt Istzt iste wroor lecor ze |i16 |1se 
1261 feovt front fover (eszt fozct fort |ttet fesor seo joes jsz8 lors on 
t loser Ivezt jaezt |rert écrt logor letor jose oo 
1 leat lastt Wert logor lozor |zz6 fet6 18 |9c2 
IT |6€1T |Z801 |SE0T , 126 10 8 1942 |StL 
801 |OFOT 168 |2b8 |26L L 9 
sre (68 |tse leos jose [60 |z99 
1g |ooz joze |ozo 
18 lose |2zz 179 [66s 
sz les9 [sro 309 [299 
Z19 {p23 l9es 
9LS G |POS 
909 |€lb 
I¥ 
a 1 . 1 aa LS es —-——- —— eae ae eran tae gaa eee erent 
oz.| or ‘ter ter iter (ar Wor tor tortor lier tor fer ler leer | ex ler lar or lor ite ie lis is Itz lz Ito lo Ito lo lt Ie ba 


(4314 “33 6 SSUTIT9D) 
sajjewg puke "34 Ozxez SWooY Jo S}U9}U0D JedIGQND 
Z23198VL 


‘ 1398 Gz jLELZ [oles joBre ISZE% 281% (8102 JOO6T |{BZT OOF [EFS [S2PT ouel jzstt e9oT se | oz 
Oost eer Ter [FOrF fosee fozes ore ae [rae 3 22 029% , 99tz \zs0z.|8e6r jrzSt jorzt joest |essr \gget |rszz loptt lozor ie | $z 
ozs |1Ste |zbor leeee lezse jptze |sose losre ‘ogee \zzze jsore % BESS eOrZ |r6zz \s812Z"\sz0z |zo6t |zcet |srzt \scgr lezsr jozer |tter {toc {coor less fee | ez 
Ost |126¢ joose |zgze |zsoe fesse £¢ |eeze Icere jocos 2082 |e0sz 1% I |188t Jozz1 \Zz91 [29ST leorr jeer ipszt lerrt \sror lore joes | zz 
0868 |062E jo69e [IESE |LerE |teEE |16ze \eere \Zo0E \Ze6z \268z IreEz |o6zz |6Iz |r60c |S66r [Seat |962I \c69r lo6ct lo6pt loser lg6zt fs 2601 (266 [268 Ieee | Iz 
1g 56 22 1% 661 J006T |SOST JOrZt {stor jozst jezet jocer |sezr lorrt lator lose Iecg looz | oz 

ey rst (nex pece vee. pie aG08 1282. |822z josoz lezzz Joets |ze0z |Sbt \2S8T [6SZt [2991 jrZSI |esPI 6Ser |Z6zt jroct |ITI1 stot joze lees ltrz Met 
ézve ject lorze jaste js90e |sz6z 2622 |L0L2. \2192 1 [9202 J9R861 \S6BI |sost |PIZt jzor jpest |rrFr lecer feozt leztt lesor 66 (zoe Is kez | et 
T9ve eote |oz0e \286z |e68z |zt6z |pzzz locaz \sPsz Je01g |tz0z eget |srst jzszt jooor |tsct leert joopt [ster joer prt {eco lo96 Iez8 lose kor Jet 

08 06z |Iz¥z lez josgz |sosz jozbe 20 O96L |L88T |S6ZT JOLZT |rZOr |oesl essr [eget \zszt [err |titt lgcor lors: \scg leoz eso | St 


22 Jo99z fozsz leone lors 
Lz [F992 |pssz leosz leave |IvEz 
z lezke |Isez lezzz 
EZ 9SET [08zz |hOzs 
 feszz [soz |serz 


LEIS 19902 
661 


: | 
661 |LLGT [8Z8t [SEAT |Z99T |6LST |9GFT [EThI OST j9bZI le9TT |I8Or \z66 |eIe reg gre 
GI |2S8I JOLLT |S69T |SIOT |PEST leShr \Zzer \z6zE |EIZE \OSIT \6FOI \696 \ggg |zng jozz 
TS8I |CO8T |PZLT SPOT |ZOST |G8FI JOIFT |ZEel |FSZI IGZTI |Z60I |8TOT lors 
PRI SPLAT |SLOT |9GST OTS |PFHT [S9ET |Z6ZI |9IZI [OFIT |F9OT |886 -ZI6 
LOLE [S691 (GI9T [OFSE.|ZZhI |S6ET pe TSZE [SLIT POLL \O€OT [z96 legs 


SZ |TIZT JOFIT |890I |266 [926 [sss 
T |SIST OFFI |ZZET [SOE 6EZI OZTI |ZOIT |eeOr |F96 S68 j9z8 
6ST |6ZST T I T €9ZI |Z6IT JO€TT P90 [266° |Te6 jF98 |s6z 
COOT |GEST |PLPT OL |OFET {ZSZT |SIZI FSIT JO60T j9ZOL |T96 [468 jess j69z 


T T U |SEZt JeZtl |ITIE GPO 886 [926 [F998 \Z08 [TFz 


SZIT [S90 \600T Joc6 joss |teg |tzz [ete 
BOT J9ZOT 696 jz16 \scs jgoz |tr2 |rso 
COT \286 826 |rZ8 |6I8 Foz lore |ss9 


68. |LF8 [862 |ShZ |869° [8F9- SGS 


cis 
74 


| far! ar Weer lax ‘or. lor [esr lor leer lor Iter ler lear. er_ltnr. ltr fot lor lis le l#e ts lez tz It lo 


(q3Tq “33 %6 SsuD) 
dsaypeug puke 34 OZxXGZ Swooy JO szud}zU0D jeodIqng 
8 31EVL 


0009 |OSZF. |Gz05 LEP OSE |SZIb [OOO |SZ8e lOGZe |sz9e joOsE pe t pote SZLE OOO" |GZBZ OGL] |$Z9% {MUGS [SLES JOSz% [sale (S281 
PC! 


608 & OP) JOZEb [OZ OROF JOBE OPE O09 (OShE | ee TLE |OONE jOB8% |U9Lz at OSZZ, OF0Z O08 
O09F prey accb JObIb 168 |SGLE |O89E 8 10GhE Skee lOZZE |SOLE 066% |SZ8% /9LZ |Sh9B JULES |S SS1S cSél aL SLE 
OOPY [OSI OZO¥ J096E OODLE |UBIE PSOE JOL6% |U9BS |OGZz% \OF9S jOgs% lOZzbZ 0602. OLST 
OOS [0668 |S8BE JUBLE OSTE [SOL ]OFGS [SEBS [OLS |Sz9Z JOTGe [GIFS OLES,|S02¢ [001G |G! Celt 


ioe D00E 0062 j008% |002L2 \H09Z \008z \O0Fs Joos hoes 001% j000% jO06T O0LT ONS 
IGE [€Ihe [SIE [RIZE [OZIE SZOZ IRTRS ELS \EL9G IBEPS [OVES |LFZS |ShLZ |BEOG JOGGL ESRI 8o9T ORL 
: lOGbE [See OLSE [SELE |OPOe 093% |SS2% J099% |S9S% JSLEZ |08ZZ JSST 060% [S661 Ost STOL SOFT 
MELE |REZE |SHLE [ESOE [0962 4 SLLZ JES9S JOGSZ |86bS BLES NZ |wZ1S |St00, BSL IS! Elst S8EL 
WbZE |USTE |O90E [026% jO88% 002% [019% j0%S% \OEbS (OSZ% 091% [020% jOS6L O1Zt OESL iOGeL 


e90€ |S26z [888% \00R% BESz jOShe [edez 881% 00% #10 [9z6r \SESt per Rept TST 
068% [S082 l0zLz GObZ JO8Es [Gee SZ1z |OvO% |SG61-l0ZBI |SBZt aor Sbhl ras 
LELG V9 e682 [018s |Boe% £902 \O86L |R68T |ST8I : SOST \Ss ZEL |seol 

09s2 | 0ZEZ jOVZT JO9LZ_ JORO% 000% JOZGL jOPBL \agzT ‘10091 jogst Red mld 

BhZ% |OLIZ |e602 BEGI [OST [eSzt |GOLI j8Z9I- eLpt OFZL \E9IL 


.|GLIZ O01 |sz02% S281 JOOS |SZZE \OSOT |SZST ScPT OZT |S2tt 
{G01 \OE0% |SS6r LST |OFLT S99I \S6SE \EzST. -|SZel OTL. |8801 

(Q961 jO68T OGZT JO89L OTOL JOFYT OLFL : 1O8EL Z1b josot 
e28t BOI JOZOL [€SSt |SsbL |BIhT esol SOL JeTOL 
QZ91 JOOSL \S6FI OFFI \S9ET : FOL |S26 


cost loosr lgeet \ozer lerer ‘ooor f3e6 
HPL lel lozet logzt: 96 }006 

Ezet (oct [oat bzs 98 

at \ectt 088 6c8 

01 lors 's8z 


Loe 4 


ft |r| ta 11_| for |or_| ¢6 Lae le 


; (4314 “13 OT SSUITIED) 
Jayjewg pue 34 OzZxXGz SwWOOY JO S}U9}U0D JedIqGNO 
F 6 378VL 


840. 


t 


WEIGHT OF MATERIALS 
WEIGHT OF MATERIALS 
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The approximate weight per cubic foot of materials com: 
monly used in construction, is as follows: 


Metals 
Weight per 
Material Cubic Foot 
MBTLOMZOR A: fo sae Dake Areal EER ae MIT Scien 552 Ibs. 

COD PSs seleeaeic id sicid crs oso OTe Oe edn oe BBO) 
TPOMEOASE 3 ke cvs lois oO era sane reieee sete ee ches 6s 450 “ 
TTP MEN OUP ING. ene. a2 chee eur uvlesuslauctenstiers «caters ate ter bls ve 480 “ 
IDGEVGL ee Se ene ee tee SR Sk See ey {Alyy 82 
Steel, Structural .......... ig Se ae eC 490 “ 

Masonry Weight per 

Material ; Cubic Foot 

END eeepc chen om shalt aha rei eet annie tC So 130 Ibs. 

IBINMESTONE: .-Ae oiebe Gaoveuw ons STR Ee, Soi ROE ero eC 160 
Srl Clie LITO: re naalote oS wee ere ee rahe 2,0 eee 
Brice CONE ts. a1 sce umes Coens saree 130 pee 
Cement we POLUlAN -a.s amis buns nisetebeunsys oct Se Oe 
OM CHOC meer tote telah cis!s:01 ool ausitagela aidleusbers aieleiatetemnlie 150.“ 
SECIS SMe 0201s, 5.5) osc oes a SO ae 160 
TATE ee eee 5 oe ra ae eee eens ere sears J6bar 4 
TLV MP oce iad testis: schon ak MONA aiaseenteka 4 nite eno 20 
AIH GSU ON Ges sistors cos Rhein «wd er alebe trae wioteunrs weaetede 70) ee 
FUE TLD Geet thes herons cove ah ei(dosus (eine ceUeNONS eC eUa eA tS or Aes Ce 65a 
RS OTTAS COW Geis wd loko? axe ester e WD ae, alah nu etaielo sierra ere AS een 
SS AO Mmeiete eee ac as ones ouiche! sii ols Jetteaavan neteusie OE 
TER TPAC OL UA mm sieayare al Sears 8, avoyslavettyerstete uke Ble etteralte. « Ee OR 
LET Mma Tetris x haiateater eof’ bua teplaues ereustateme terete ons eLe ie iby 


Weight of a bag of natural cement, about 94 Ibs. 
Weight of a bag of Portland cement, about $4 lbs. 


A bbl. of natural cement—3 bags, and weighs about 282 lbs. 
A bbl. of Portland cement—4 bags, and weighs about 380 


lbs. 
A cu. ft. of loose measured broken trap stone weighs about 


90 Ibs. 


A cu. ft. of broken stone, well shaken down, weighs about 
100 Ibs. 


A cu. ft. of crusher-run stone weighs about 100 lbs. 
A cu. ft. of cinder concrete averages 110 lbs. 


A cu. ft. of conglomerate concrete averages 130 lbs. 


A cu. ft. of gravel concrete averages 150 Ibs. 
A cu. ft. of limestone concrete averages 148 lbs, 
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A cu. ft. of sandstone concrete averages 143 lbs. 

A cu. ft. of trap concrete averages 155 Ibs. 

Loose, unrammed concrete weighs from 5 to 25 per cent 
less than when well tamped. 

One cubie foot of anthractite coal weighs about 58 pounds. 

One cubic foot of bituminous coal weighs from 47 to 50 
pounds. 


TABLE 10 
Specific Gravity of Stone 
Trap, Boston, Mass.......... 2.78 | Limestone (oolitic), oe oe 
Teun Duluth, rears Paleety 2.8 to 3.0 Tt Rens a eee 5 to 2.45 
Trap, Jersey "City, N ul eet 3.03 | Limestone, Marquette, Mien 2.34 


Trap, Staten Island, N. Y.... 2.86 | Limestone, Glens Falls, N, Y. 2.70 
Guelsa: Madison Ave., N. Y... 2.92 | Limestone, Lake Champlain, 


ranite, New London, ont sa) 2AO ie 6 35.50. 355 SSS oneoe 2.75 
Gane Greenwich, Conn.... 2.84 | Sandstone, Portland, Conn. 2.64 
Granite, Vinalhaven, Me..... 2.66 | Sandstone, Haverstraw, N. Y. 2.13 
Granite, Quincy, Mass....... 2.66 | Sandstone, Medina, N. Y..... 2.41 
Granite, Barre, Vt.........-.- ace Sandstone, Potsdam, N. Y.... 2.60 
Limestone, Joliet, Ill........ Sandstone (grit), Berea, O... 2.12 
Limestone, Quincy, Ill. 12.51 to 3 Bt : 

TABLE 11 

Specific Gravity of Common Minerals and Rocks 
Apatite osc cassicc cee e 2.923.205 of TEAMeSTONG eect e sais iens 2.35—2.87 
Basalt *.7entcce oc ona bare 3.01 | Magnetite, Fes0,. . Lee coe 4.9 —5.2 
Calcite, CaCOs..5..5.. 2.9 2:73. | \Marblecess. vies s once 4 
Cassiterite, SnOo.. 6.4 —7.1 Micay See tcibe wececee 5 
Cerusite, PbCO3.. -. 6.46—6.48 | Mica Schist . 
Chalcopyrite, CuFeS; . 4.1 —4.3 Olivine ooo... 
Coal, anthracite ...... 1.3 —1.84 | Porphyry ... 3 
Coal, bituminous...... 1.2 —1.5 Pyrite, FeS. . a 
Diabase’ .Jeu ete. --.. 2.6 —3.03 | Quartz, SiO. Is 
IDiobl te aiseaton ck Sree ee 2.92) Quartzite. oc. : ic > ae 
Dolomite, CaMg (CQx3)2. 2.8 —2.9 Sandstone ....... weer A) 
Reldgonarroccoct. cet 2.44—2.78 | Sandstone, Medina .... 2.4 
Betsitercmetisdcemecse oe Sandstone, Ohlo ....... 2.2 
Galena, PbSscscc. 5508 7.25—7.77 | Sandstone, Slaty ...... 1.82 
GArne tM Sas ce see crocs 3.15—4.31 HAIRS Ce Citas cs ate siete 2.4 —2.8 
GNEIBB ARG ate nates oe eies 2.62—2,93 oh “States has on cates es 2.5 —2.8 
ppantte Se cicy Snieneewd phe 2.55—2.86 | Sphalerite, ZnS........ 3.9 —4.2 
GYPSUM K toca ots ors ew eters 2.3 —3.2 Stibnl te Shaves sou arels 4.5 6 
Halite (salt). NaClo... 2.1256" “Sveniter. memes. cen oc. 2.27—2.65 
Hematite, Fe.O3....... 4.5 —5.3 "CDIC See okete iste eearciek: 2 2.56—2.8 
Hornblende 02... 3.05 —3.27 1 VAD Toco meee oc Sany 2.6 —3.0 


Limonite, Fe,0, (OH)... 3.6 —4.0 


Table 12 shows the weights of aggregates of varying 
specific gravity and having different percentages of voids: 


THERMOMETER SCALES 
A thermometer is an instrument for indicating the in- 
tensity (not quality) of heat. The thermometer scale upon 
which the intensity of the heat is indicated, is an arbitrarily 
chosen scale. The two scales in most general use are the 
Fahrenheit and the Centigrade. 


MISCELLANEOUS DATA 843 


TABLE 12 
Weights of Aggregates of Varying Specific Gravity and Per- 
centages of Voids 


’ s & 

er =e EI aR B WEIGHT IN POUNDS PER CU. YD, WHEN 

Paes 3 pay = Dp VOIDS ARE 

Bi | G68 | B68 

So S 

nS Ee Ee 30% 35% 40% | 45% | 50% 
1.0 62.355| 1,684 | 1,178 | 1,094 | 1,010 926 842 
2.0 | 124.7 8,367 | 2,357 | 2,187 | 2,020 | 1,852 | 1,684 
2.1 | 130.9 3,536 | 2,475 | 2,298 | 2,121 | 1,945 | 1,768 
2.2 | 137.2 3,702 | 2,593 | 2,408 | 2,222 | 2,037 | 1,852 
2.3 143.4 3,872 2,711 2,517 2,323 2,130 1,936 
2.4 | 149.7 4,041 | 2,828 | 2,626 | 2,424 | 2,222 | 2,020 
2.5 155.9 4,209 2,946 2,736 2,525 2,315 2,105 
2.6 162.1 4,377 3,064 2,845 2,626 2,408 2,189 
2.7 168:4 4,545 3,182 2,955 2,727 2,500 A 
2.8 174.6 4,714 3,300 3,064 2,828 2,593 2,357 
2.9 180.9 4,882 3,418 3,174 2,929 2,685 2,441 
3.0 187.1 5,051 3,536 3,283 3,030 2,778 2,526 
3.1 193.3 5,219 3,653 3,392 3,131 2,871 2,609 
3.2 199.5 5,388 3,771 3,502 3,282 2,963 2,614 
3.3 205.8 5,556 3,889 3,611 3,333 3,056 2,778 
3.4 212.0 5,724 4,007 3,721 3,434 3,148 2,862 
3.5 218.3 5,893 4,125 8,830 3,535 8,241 2,947 


The Fahrenheit scale is used most generally in domestic, 
commercial, and industrial fields. Its lowest point, zero (0°), 
designates the lowest point to which mercury will fall in a 
tube when surrounded by a mixture of salt and ice. The 
point at which water freezes—called the freezing point (32°) 
—is noted, and the point at which water boils under normal 
conditions is noted as 212°; the distance between is divided 
into 180 equal divisions called degrees. 

The Centigrade scale is divided into 100 equal divisions 
called degrees between the freezing point of water (0°) and 
its boiling point (100°) under normal conditions. These 
points and divisions are calibrated or marked upon a glass 
tube containing mercury, the expansion of which by heat indi- 
cates the number of degrees, or the temperature. 

The distance from 32° (freezing point) to 212° (boiling 
point), or 180° Fahrenheit, is equal to the distance 0° (freez- 
ing point) to 100° (boiling point) on the Centigrade scale; or 
each degree on the Fahrenheit thermometer is 100/180 or 
5/9 of a degree on the Centigrade. Therefore to convert 
Fahrenheit temperatures to Centigrade temperatures, it is 
necessary to subtract 32 (degrees), and multiply by 5/9. To 
convert Centigrade temperatures to Fahrenheit temperatures, 
multiply by 9/5, and then add 32 (degrees). 

Temp. C.—(Temp. F.—32°)5/9. 

Temp. F.—(Temp. CX9/5)+382°. 
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TABLE 13 
Estimated Weight of a Cubic Foot of Dry Lumber 
Kind of Lbs. per Kind of Lbs. per 
Wood Cu. Ft. Wood Cu. Ft 
Alder Giiines 0. eitrela tterters 50 JUNIMET Pepe ee c.< a x's sce 35 
ADDIE ee cote ence eee 50 Lan COW OO tes o..ct sire oslo s 45 
TNE) ete aR oe re. Ae ae a. 403 arch tc. cet ses aac Scee "Oo 
IBECCH les atone °% erclereten ere 44 LigmuniVvataes.... ce seas 83.3 
iT CL area ct laiare ciatemsente ee 44 TOS WOOG tai cle <6 dc ccectae yf 
BoxwO0d) eascs acreein oe 62 Mahogany (Honduras)... 35 
IBULLErMWy Me eateciacies <5 6 24 Mahogany (Spanish) ... 54 
Cedar (American) ..... 35. MA Dl Chester ate ieciseinmicke © 48 
Cedar (West Indian)... 47 Oak tive es. ces Galen ernie 66 
Chestnitfasg. s. veak cos © 39 Oak Rede craisias <dae ced 45 
Cherryireenis snlescichsou ss 44 Oalksrenaiceetts.< 's- ai aie 52 
COLKGI 4. cisteish)s ste shades 278 15 PANG aE PIGCM ee ete oe cassisers 41 
SH DONNY Meter metocae es ate 79 Pine, Red or Norway... 37 
Wm eso xe cies pe atone bie soos. §) Pine, eWihiteae case ots 25 
Fir (New England).... 35 PING SY ClO Wels see 6 6 fie sine 34 
Fir (Norway spruce)... 32 RODAT cick tems seed 28.5 
Baty =Winite-st tot setae 36 ROSG WOO as < Bisisc secretes 45.5 
GUM ABIIC as reierstere siecle oe 53 HaAtiMwOOUMne «6 ss ace 583 
Hackmatackoy .cetnsce. 37 SS PLUCCE Mom wa kis aC acltee 25 
ERA) hic repale-eleve mysuansvevereroreic 58 SYCAMUGOLER Se wioescicres oe !37 
FT Ori OCH tetera vie ss axe shercrete 25 WATMMAT HGR nw ccts, ores efeve site 24 
HickoryeCeieinit iene. 50 Oa Keaiticn Srowteve iescle.& Ste 47 
Hickory (Shell bark).-... 43 Wie IU bta ey teves« Sie-sie arn e 42 
Hollywie sn ews Risin Sion - 48 Walnut wBlacksec on. cae 32 
Hornbeam ..... Se es re EWI LlOWiliorctercit. ois cc ace 
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TABLE 14 


Weight of Dry Lumber, in Pounds per 1,000 Feet, Board 
Measure 


Kind of Wood 
White Pine— 


2-in., rough or S1E 


Boards, common, rough 


eeeee 


2-in. SISIE, S4S or D&M 
S-In. and 4x4-in. to 8x8-in. 
Battenss O88 Gaa a Leas 


ONE e810 298 ie ae reels 
Ce emer reer eee 
Cece cresrerrcs 
00 fe 029) © [eles ene ols 


Boards, common, SiS or 828 


Pounds per 1,000 Feet 


Board Measure 
2,500 
2,200 
3,000 
1,500 
2,400 
2,000 
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(Of Nibayeds 26142 0a, oN TCC Coe 300 
Mencin ew lOUsH ~., « .d:eyosayes wipers <caterretsee 2,400 
Hence ols, OF S29. <siew . siemens eos 2,000 
Minish eSiSpor = S2S) (ec cieceke tee ries: s 2,000 
MARS Tea ws. cas bctere as ornle ee ee oer 500 
SH SISS i we shake a's ~ «so oe anette wieslaig epee 250 
Shiplapreande ld: IM. vicse mie cise cts oretee= 1,800 
Sidi SRPATOD wn fors <.0-<1ayo'0s bios e oteemanetet- 1,800 
TOONS PLTOOVE | scaveseie spals ae atereteusctsnate 1,800 
Cypress— 

Rouch.2-in. and: under “...e.2 .. series. 3,000 

Pie CONGR B biased socio ag scomeo0 3,500 
Batten On Ga ollie. 6. oath rae es 500 
Battens 1O.0Gy 214-ins 2. tems camer 600 
BattonsmOw Get oll! sine ace s seterteee atte 700 
Gelling Boe-ins . hoe tod sree mele a 2,300 
Ciititee, beats, Seemed oo ccm oon n oot 1,600 
(ojibintes. Westie A Apaairocca addin ono 5.0Gr 1,300 
(Oilbivs: S4shn., Qeeageeceator cao ceudo oo woe 1,000 
inbyorati-s “fAtoe RQRneoeoonon ceo uno coc 2,300 
Lath, fence, 54-in. ......-.-++-ee eee eeee 900 
Lath, plaster, 3-1n. ....-..---+.2+eseee 500 
Pickets, D. & H., %x2%x4-ft. .......... 1,800 
Pickets, D. & H., 14x1%x4ft. ......... 1,600 
Shingles, all grades .....--+.--+-+---s- 300 
Siding, bevel, W-in. .....--e eee eee ees 1,000 

Pacific Coast Lumber— 

California sugar pine, 1-in., rough ...... 2,200 
California redwood, 1 to 2-in., rough.... 2,500 
California redwood, 1 to 2-in., S1S...... 2,200 
California redwood, 1 to 2-in., S2S...... 2,000 
Cedar shingles, A .....-.+-s+eeeeeeeees 200 
Oregon fir, l-in., rough ......-+-+-++-+--- 2,200 
Washington red cedar, 1-in., rough...... 2,300 
Washington red cedar, 1-in., dressed.... 2,000 


Yellow Pine— 
Short-Leaf Long-Leaf 


Base, moulded .......--++++++-+> 2,000 2,100 
Boards, common .....-+-++++--:> 3,200 3,400 
se SS SiS) Ores20 eee 2,500 2,700 
Ceiling, S6-in. .....-.--+2++++-+: 1,000 1,000 
< Wad ii Gerda tec dg 1s co OP ooo 1,300 1,300 
xe (Ahi Bergmrema o ODIO AoIOIC © 1,500 1,600 


“Bo LEE AIR reo 1,300 1,900 
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Finish, rougho.casess) sete eee 3,200 3,400 
Cee SiS Cor SASS ...ee ee tee 2,500 2,700 
Sees, Ac1N, US 2 So ete,aet oreo eter aere 2,500 2,600 
“«, 1,1%,1%, and 2-in., rough 3,100 3,400 
fins a to ana ein: uSoseee 2,700 2,800 

Hlooring 13/1 6inee pcs sete eee 2,000 2,200 

Hloorine\ierodvediy =~. seek ceo 2,400 2,600 

Shipiaps DA GAM sao eee tees 2,300 2,500 

Siding) from d-in stock)... essen 1,000 1,000 
os Pom Ay in Stockcar 1,250 1,400 

2x4, 2x6, and 2x8-in., rough...... 3,200 3,400 

2x1 0%and 2x1 24n. rousch 2. scene 3,200 3,400 

2x14 and 3x12-in., rough ......... 3,700 3,900 

4x4-in., and over, rough ......... 4,000 4,300 

2x4, 2x6, and 2x8-in., SIS1E...... 2,500 2,700 

2xiOrand! 2xd'2-InSi1S1H cee e 2,600 2,800 

2xizsand (3xi2-in. SiSih. oaceeeee 3,200 3,600 

4x4-in. and over, SISIE.......... 3,200 3,400 


_ Norway Pine— 
Pounds per 1,000 Feet 
Board Meastre 


Lumber; roughs 2i3. au ccc. cee ne eee 2,700 
“3k. GFESSCG -. cet See eee ee 2,300 : 
SO 5D) Rs MEA oe a ee eee 2,000 
Timbers, heavy, rough ..0....< s0osteee 2,800 
TABLE 15 


Weights of Merchandise 
(M. 8S. Ketchum) 


Wt. in Lbs. Wt. in Lbs. 


Commopity per Cu. Ft. Commopity per Cu. Ft. 


Wool in bales. ....... 


5 to 28 || Caustic soda........ 88 
Woolen goods........ 13 to 22 || Barrel starch........ 23 
Baled cotton......... 12 to 43 SA UINOS wieto.ia 50 
Cotton goods........ seement........ fe 
Rags in bales... ..... 53 
PADOPN chats vam ah vpmete 34 
Wheat; 2.0.5 00.cabes | 539 40.44 Ji nein 42 
Cormeiyn Cis. 2 hy elt a Se Re ae ene ne ee 278 
Oats atien. tae tee 27 Boxglassge cscs Gene 60 
Baled hay and straw .| 14 +019 || Crate crockery... ... 40 
Bleaching powder... . Siy Bale leather........ 


Sodatash#. 0 eee 
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TABLE 16 
Weight and Strength of Rope 
(Godfrey’s Tables) 
Strength of 
Size in Cir- Size in Weight of Mae HOPs. Tarred Hemp 
cumference | Diameter 100 Ft. (Sisal one Rope; Weight 
about 25 per of 100 Ft. 
cent less) 
% XK 30 300 ais 
om +5 35 540 Re? 

34 Y% 45 780 54 
1 ae 55 1,000 69 
1% 3% 65 1,280 73 
14% is 75 1,560 86 
14% 4% 85 2,250 98 
134 5 110 3,060 135 
2 % 140 4,000 162 
24% 34 170 5,000 214 
24% a3 200 6,250 263 
m | A | mw | |B 
; 347 
34% 175 325 10,500 400 
3% 1% 360 12,250 455 
334 13 410 14,000 526 
4 14% 460 16,000 620 
44 13% 510 18,000 719 
4 lye 585 20,250 781 
434 1% 640 22,500 870 
5 15% 720 25,000 932 
54% 134 835 30,250 1,190 
6 1% 1,050 36, 1,400 
614 2 1,150 39,000 1,525 
6% 2% 1,250 42,250 1,688 
7 24% 1,425 49,000 1,906 
1% 23% 1,700 56,250 2,188 
8 25 2,000 64,000 2,562 
84 234 2,300 72,250 2,875 
o<0) 2% 2,650 81,000 3,312 
9% 3 3,000 90,250 3,625 
10 333; 3,400 100,000 4,187 
11 31% 4,000 118,000 5,094 
12 334 4,700 135,000 5,938 
13 41 5,650 156,000 7,060 
6,500 211,000 8,190 


oe 
RANKS 


The working strain is about one-third to one-seventh of the breaking 


strain. The minimum diameter of the pulley should be 


times the diameter of rope to be used. 
Weights of rope are liable to vary either way. 


from 30 to 40 
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WEIGHT OF GASTINGS 


Table 17 is very useful for determining the weight of ary 
casting before it is made, by simply weighing the pattern. It 
should be noted that the weight of the core prints, if any, 
should be deducted. 


TABLE 17 
Proportionate Weight of Castings to Weight of Patterns 


A Pattern § ee ee a ee 
Meng Dero yu | eee 
of 3 g 5 eg z N 
ré) a s) =) Q 
PIneloyi Fils... cee 16 15,8 S16. Dal 1OSeesel i atoco 
Ak merece aceite 9 10.1 | 10.4 | 10.3 | 10.9 8.6 
Beechics sh. tesalace OPE 1LOOR 4 e pid om ea 1-9 91 
inden ercernciss cea 13:45) 15.19) 16.78 )\54Si9ated6.3 1 | 129 
Peatimonk os tees 10.2.) TiSa) LSS Tes 124 9.8 
BirGhisctenite siete ose 10.6511 1.9:5] 12,35) 225 12-95) 10:2 
PALM OI Ry, a icsctertrehc tare Mel el2-o7|, Loa le aele tee O. Onled ase 
Mahogany.........} PL.75) 13.20) 1S a 01S s0m 14.251 12d 
TASS Ewe cre eee 0.85} 0.95} 0,99} 0.98] 1.0 10.8 


PRESERVATIVE TREATMENT OF LUMBER 


Cheap grades of lumber may be made to compare with 
better grades in point of service by treating the lumber by 
some one of the preservative processes now used. A com- 
mon method is the absorption of creosote or zinc chloride, or 
a combination of the two, thereby filling the pores of the 
wood with material which will withstand the action of moist- 
ure or decay. When properly treated, woods like cotton- 
wood, willow, sycamore, and low-grade pine will outlast un- 
treated cedar and oak, thereby increasing the value of the 
cheaper woods so that they will compare favorably with the 
more expensive grades of timber. 

Impregnation with creosote has been highly cheapened 
by the introduction of the open-tank system, which can be 
installed very cheaply, especially if an old boiler is used for 
the tank. A tank with a bottom area of 12 sq. ft. will be of 
a capacity sufficient for treating 40 or 50 6-in fence-posts 4 
day, but double this number if two runs per day are made. 

This process is especially favorable in the treatment of 
fence-posts, railroad ties and even for ordinary lumber which 


i mre 
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is to be exposed to decaying influences. In the treatment of 
fence-posts the absorption of creosote per post is about as 
follows: 
Ash, hickory, red oak, elm, and maple... .4 gallon 
DOr ASRS Ar. Pie's Soasiesse ear eRe ee ease. An os 
Sycamore, cottonwood, lodge-pole pine.... .7 


Since the price of creosote varies in different parts of 
the country, the cost of treatment for any given number of 
posts will have to be determined for a given locality. Fence- 
posts, if properly treated, should give service for at least 20 
years. A rough estimate of cost would be 4 cents per post 
where creosote is 10 cents per gallon, or 15 cents per post 
where creosote is 27 cents per gallon, as in the case of the 
Rocky Mountain States. 

When zinc chloride is used, about % pound of dry zinc is 
required per cu. ft. of wood; while if the creosote process is 
used, 2 to 12 pounds of creosote are required per cu, it. of 
wood, depending upon the degree of absorption. In the zinc 
chloride process, the cost of treating a 7 by 9-in. by 8-ft. rail- 
road tie is about 17 cents when zinc chloride costs 4 cents 
per gallon; or $4.10 per thousand, board measure, in the 
treatment of lumber. When creosote is 7 cents per gallon, 
various processes of treatment for railroad ties will cost from 
26 to 46 cents per tie; or $6.00 to $11.00 per thousand feet, 
board measure, for timber or lumber. 


TABLE 18 
Standard Sizes of Plate-Iron Washers 
(Trautwine) 
Thick- 
ness Num- ; 
Diameters (Bir. | ber in Diameters 
(Inches) Wire | Pound (Inches) 
Gauge) 
i Y% 18 450 2 RR 
54 a 16 210 24 16 
34 Ps 16 139 24% 15 
i 3% 16 112 234 14 
1 i 14 68 3 1% 
1% \% 14 43 || 314 | 
13% vs 12 26 an ae 
1% 5” 12 22.5 
134 it 10 ike} 
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SPEEDS OF CUTTING TOOLS FOR WOOD AND METAL 


Conditions vary to so great an extent in different kinds of 
work, and with different materials, that it is difficult to give 
an exact speed for a given tool, which will be of best advant- 
age at all times. The following speeds are necessarily ap- 
proximate, and should be treated as such in any work. The 
only safe way to gauge the proper speed for a given tool ina 
given class of work, is to obtain a list of cutting speeds from 
the manufacturer of that particular tool. 

The matter of speeds of circular saws and of woodwork- 
ing machinery, is a very delicate and often a dangerous propo- 
sition, and should be determined only by the directions of 
the manufacturer. There is no general rule for the speed of 
saws of a given diameter, since saws even of the same diam- 
eter take different speeds, according to the gauge, quality, 
temper, style of teeth, timber to be cut, ete. It is often 
stated that circular saws should be run at such a speed that 
the teeth will travel between 9,000 and 10,000 linear feet per 
minute. 

Table 19, indicating the speeds of circular saws, will give 
an approximate idea of the revolutions per minute for saws 
of different sizes. 

TABLE 19 


Speeds of Circular Saws 


Size of Saw Revolutions 


| SizeofSaw Revolutions 


(Inches, Diam.) per Minute (Inches, Diam.) per Minute 

8 4,300 24 1,450 

10 3,500 26 1,300 

12 2,900 28 1,200 

14 2,500 30 1,150 

16 2,100 32 1,100 

18 ~ 1,900 34 1,000 

20 1,700 36 950 

22 1,600 


Table 19 is figured on a peripheral speed of 9,000 ft. per 
minute; but saws for portable mills are usually run at a speed 
of about 450 revolutions per minute, and saws for steam feed 
mills from 600 to 900 revolutions per minute. 

These values, as cautioned above, should be looked upon 
only as approximate, and treated with suspicion until verified 
by the manufacturer of the saw. . 
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For band saws it is often stated that for wheels up to 
three feet in diameter, 4,000 ft. per minute linear speed is 
considered to be adequate for soft and medium woods 3; while 
for hardwood, about 3,500 ft. per minute. For band saws with 
wheels over three feet in diameter, speeds may be increased. 

In planer and jointer work, opinions seem to differ accord- 
ing to the type of machine used; but it seems to be fairly 
well agreed, that in either machine the cutting edge should 
travel at a speed of from 4,000 to 6,000 ft. per minute. 

The criticism given above in regard to consulting the man- 
ufacturer as to the proper revolutions.per minute will apply 
as well to emery wheels as to saws. 

Table 20, based upon a peripheral speed of 5,500 ft, per 
minute, will give an approximate idea of the proper revolu- 
tions per minute at which emery wheels of different di- 
ameters should be run. 


TABLE 20 
Safe Speed of Emery and Corundum Wheels 

Diameter of Revolutions Diameter of Revolutions 
Wheel (Inches) per Minute Wheel (Inches) per Minute 

4 5,250 ip, 1,750 

5 4,200 14 1,500 

6 3,500 16 1,300 

7 3,000 18 1,175 

8 2,625 20 1,050 

9 2,325 22 950 

10 2,100 24 875 


For metals, the speed of the cutting point or edge of the 
tool will vary according to the kind of metal to be cut, kind 
of steel used in making the given tool, depth of cut to be 
taken, and amount of feed taken by the tool at each revolu- 
tion. An average cutting speed for planing steel is 20 ft. per 
minute; and, for planing cast iron, 26 ft. per minute. The 
speed for turning and for milling soft steel, or wrought iron, 
is about 48 ft. per minute. Soft brass is often cut at the 
rate of 120 ft. per minute. These speeds refer to the use of 
tools made from ordinary steel. 

Where high-speed stee! is used for making the tools, these 
cutting speeds may be increased; but same should be goy- 
erned by the directions issued by the manufacturer of the 
particular brand of steel used. With some brands of steel, 
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a cutting speed as high as 175 ft. per minute may be used 
on mild steel, where a cut not to exceed 1% in. in depth and a 
feed of 3/64 in. are used. Generally better results are ob- 
tained with much lower speeds. As the depth of cut and 
feed is increased, less reduction in speed is required with 
the high-speed steels as compared with ordinary tools. 

Table 21 will give an idea of the speed, depth of cut, and 
feed often used with high-speed steels. 


TABLE 21 
Speeds for High-Speed Steel Lathe Work 


Weight 
SP Removed 
t. per per minute. 
Minute. 
Mild Steel 145 5.8 Ibs 
“ee 45 7 “ 
oo 100 30° 
“ “oe 50 10.4 
ty oe 30 14 o 
“ o 72 5 oo 
7 - 


CARE OF BELTS 


The main care the average belt gets in small woodwork: 
ing institutions is to have new lacings put in when the old 
ones wear, and to have a piece cut out and the belt made 
tighter when it fails to pull its load. Belts running on a 
moderate load do not need a great deal of attention; still a 
little attention is worth while, as one not only gets better 
service out of the belt, but increases its life and usefulness. 

Belts should be run as slack as possible—that is, just 
tight enough to do their work with a fair factor of safety, 
and no more. There are more belts ruined by being unneces- 
sarily tight than are worn out in actual service. Keep the 
surface of the belt in good shape and it will not have to be 
so tight as when left unattended. 

If a leather belt in use gets dirty from an accumulation of 
dust, oil, ete., take the time and trouble to clean it. To cut 
the grease and loosen the dirt, use a mixture made of 3 parts 
of benzine, naphtha, or gasoline, and 1 part of turpentine. If 
the use of this mixture is prohibited in the shop because of 
the danger of fire, explosions, ete., use the turpentine alone 
to loosen the grease. After the belt is clean and dry, apply 
a light coat of some good belt dressing, or, in the absence of 
that, a little castor oil or tallow. The majority of mineral and 
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vegetable oils are injurious to belts, and should not be used. 
In common practice, however, they are used quite extensively; 
in fact, it is not unusual in most shops to take lubricating 
oil and pour same on belts that seem to be in need of limber- 
ing up. But this is not good practice. 

The mixture mentioned is for cleaning leather belts and 
should not be used on rubber belts, since it will cut the 
rubber. Rubber belts may be cleaned with a little soap and 
water; but use it sparingly so as not to injure the belt. 

To make a rubber belt more pliable and cause it to stick 
to the pulleys better, moisten it lightly on the inside with 
boiling linseed oil. Animal oils or grease should not be used 
on rubbed belts. 

In the lacing of belts there are so many different methods, 
and their claims for superiority are so confusing and gen- 
erally so obscure, that study of them becomes more tiresome 


i ! salt ead gl AN a 
METHOD OF LACING BELTING 


=| 


“BES 


Fig. 2. Approved Method of Lacing Belts. 


than enlightening. Fig. 2 shows what one of the leading 
belt manufacturers considers to be the best method of lacing. 
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When there is trouble in threading the end of the lace 
leather through the holes, try lighting a match and burning 
the end of the lace leather with it. A little burning will usu- 
ally make the end hard and stiff so that it will serve as a 
sort of needle point and can readily be pushed through the 
holes. Of course, the part of the lace string that is burned 
is ruined and will have to be cut off. 

Table 22 shows the spacing for holes in lacing belts. 


TABLE 22 
Spacing of Holes for Lacing Belts 


Centers of 
outer holes 
on the row 
Width of Punch first |Punch second| nearest the Size of lace 


Belt row of holes | row of holes | ends of the | leather to be 
(Inches) | from ends of | from ends of | belt to be used 
belt belt distant from 
each edge of 
the belt 
2to 4 34 in 34 in 34 in 3; in. 
6to 8 Vs “ “ 1 “ y « 
10 to 12 54 ss yf 5% “ os “ 
14 to 16 SAN 1%“ 34 “ 3% “ 
18 to 20 KR “ 1% “ % “ we 
22 to 24 if i: Tha y« 


GLUING EMERY TO WOOD OR METAL 
A cement having great holding power in gluing emery to 
wood or metal, is made by melting together equal parts of 
shellac, white resin, and carbolic acid (in crystals), adding 
the carbolic acid after the shellac and resin have been melted. 


TO KEEP TOOLS FROM RUSTING 
Take two ounces of tallow and one ounce of resin; melt to- 
gether, and strain while hot to remove the specks in the 
resin. Apply a slight coat on the tools with a brush, and 
this will keep off rust for any length of time. 


TO PREVENT GLUE FROM CRACKING 
Glue frequently cracks because of the dryness of the air 
in rooms warmed by stoves. The addition of a little chloride 
of calcium to glue will prevent this disagreeable tendency to 
cracking. Chloride of calcium has such powers of absorption 
that it attracts enough moisture to prevent the glue from 
cracking. 
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Table 24 will be found useful in reducing linear measure- 
ments in inches and fractions of inches to their decimal 
equivalents in feet. 

It indicates the equivalent, in decimals of a foot, for 
1/64 in., and for every increase of 1/64 in. in linear measure- 
ments up to 1 ft. For example, suppose we wish to find the 
value of 254 in. expressed as a decimal of a foot. Reading 
down the column headed “2”” till we come to the cross-line 
marked “5-8” at the left, we find .2188. Thus, 

252 in.—.2188 ft. 


TABLE 23 


Heat and Power Equivalents 
EESSSSSSanananahnhnan9@RRED”=>0V7_"'"'[0a3XWWOWO@B@ESQ=Saaeaea———=aewqeq@?™$=~OasS$sSoesSsSsSsSSsSsSsSsS 
UNIT EQUIVALENT VALUE IN OTHER UNITS 
746 K. W. hour. 
1,980,000 ft.-lbs. 


as ap 2,545 heat units. 
273,740 K. G. M. 
per hour= .175 lb. carbon oxidized with perfect ,efficiency. 


2.64 Ibs. water evaporated from and at 212° F. 
17 0 lbs. water raised from 62° F. to 212° F, 


746 Watts. 
746 K. W. 
33,00U ft.-lbs. per minute. 
550 ft.-lbs. per second. 
18. P.= 2,545 beat units per hour. 
42.4 beat units per minute. 
.707 heat unit per second. 
.175 lb. carbon oxidized per hour. 
2.64 lbs. water evaporated per hour from and at 212° F. 


1.055 Watt seconds. A unit of heat (British thermal 

788 ft.-lbs. nai the deand iy e meet re- 

’ 7.6 ki ‘am meters. quired to raise 1 pound of water 

1 Heat Unit Boos ae we hour. 1°. Fabr. in temperature, at sea 


1 (B. T. U.)= |.000393 H. P. hour. __level. 
.0000688 Ib. carbon’ oxidized, ~\ 
.001036 lb. water evaporated from and at 212° F. 


1 Heat Unit .122 Watt per sq. inch. 
per sa. ft. per .0176 K. W. per sq. foot. 
minute= |.0236 H. P. per sq. foot. 
AE ee ee 
14,544 heat units. 
1.11 Ibs. anthracite coal oxidized. 
11b. carbon . 2.5 Ibs. dry wood oxidized. ; 
oxidized with |21 cubic feet illuminating gas oxidized. 
perfect effi- |4.26 K. W. hours. 
ciency= |5.71 H. P. hours. 
11,315,000 ft.-lbs. 
15 lbs. water evaporated from and at 212° F. 
oes a ee 
.283 Kk. W. hour. 
1lb. water |-379 H. P. hour. 


evaporated 965.2 heat units. 
ppb es and at}103,000 K. G. M. 
212° P= 1,019,000 Joules. 


751,300 ft.-lbs. : 
0664 lb. of carbon oxidized perfectly. 


TABLE 24—Equivalents, in Decimals of a Foot, for Inches 
and Fractions of Inches 
(Calculated for each 1-64th in. difference, up to 1 ft.) 


sv gy 10” | 11" | 


——_. ] —__. | —_—__!—_—_,! 


Inch} 0” | 1” a8 

4180} .5013]} .5846) .6680} .7513] 18346] .9180) 

4193! .5026] .5859) .6693) .7526] .8359| .9193 
| -5039 


1-4 | 0208} ‘1042 
47-64] 0221] .1055 


25-64) .0326] .1159) . 
13-32} .0339] .1172 
27-64) 0352] .1185 
7-16} 0365] .1198 
29-64] 0378] .1211 
15-82] 0301] 1224 
31-64) 0404] 1287} .2 
1-2 |.0417| .1250 


33-64] 0430] .1263] . 
17=32| 0442] .1276 
35-64) 0456] .1289 
" 9-16} .0469] .1302 
137-64) 0482] 1315 
19-32] 0495} .1328 
39-641.0508] .1341 


5-8 ).0521] .1354 4688] .5521 7188} .8021) .8854) .9 
41-64] .0534| .1367 4701] .5534]_.6367| .7201) .8034) .8867} .9701 
21-32) .0547} . 1380 4714) .5547| .6380| .7214) .8047 14 


\ 

49-64) 0638] .1471 
(25-32) 0651] 11484 
51-64] 0664] 11497 


-4987| :5820| .6654| |7487| |8320! 19154] 9987, 


856 
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TABLE 25 
Circumferences and Areas of Circles 


OF ONE INCH. OF INCHES OR FEET. 


Dec. Area ||/Dia} Circ. Area. Dia.| Cire. 
015625 00019 |} 1] 3.1416 .7854 | 64 | 201.06 
103125 ‘00077 |} 2 12832 | 3.1416] 65 | 204.20 
1046875 ‘00173 || 3] 9.4248| 7.0686] 66 | 207.34 
10625 100307 || 4] 12.5664] 12.5664] 67 | 210.49 
1078125 .00479 |} 5 | 15.7080] 19.635 | 68 | 213.63 
109375 :00690 || 6] 18.850 | 28.274 | 69 | 216.77 
:109375 {500939 |] 7 | 21.991 38.485 | 70 | 219.91 
1125 101227 || 8 | 25.133 50.266 | 71 | 223.05 
140625 .01553 |} 9] 28.274 63.617 } 72 | 226.19 
115625 :01917 || 10] 31.416 | 78.540 | 73 | 220.34 
‘171875 102320 || 11] 34.558 95.033 | 74 | 232.48 
‘1875 102761 || 12 | 37.699 | 113.1 75 | 235.62 
'203125 03241 || 13 | 40.841 | 132.73 | 76 | 238.76 
121875 '03758 || 14] 43.082 | 153.94 | 77 | 241-90 
(234375 104314 11 15 | 47.124 | 176.71 78 | 245.04 
125 '04909 || 16 201.06 | 79 | 248.19 
265625 05542 || 17 | 53.407 | 226.98 | 80 | 251.33 
(28125 106213 1/,18 | 56.549 | 254.47 | 81 | 254.47 
(296875 ‘06922 || 19 | 59.690 | 283.583 | 82 | 257.61 
"3125 ‘07670 || 20 | 62.832 | 314.16 | 83 | 260.75 
328125 108456 || 21] 65.97: 346.36 | 84 | 263.89 
134375 ‘09281 || 22 | 69.115 | 380.13 | 85 | 267.04 
'359375 510144 |] 23 | 721257 | 415.48 | 86 | 270.18 
‘375 11045 || 24| 75.398 | 452.39 | 87 | 273/32 
390625 .11984 || 25] 78.540 | 490.87 | 988 | 276.46 
140625 ‘12962 || 26 | 81.681 | 530.93 | 89 | 279.60 
421875 ‘13979 || 27 | 84.823 | 572.56 | 90 | 282.74 
4375 "15033 || 28 | 87.965 | 615.75 | 91 | 285.88 
1453125 “16126 || 29 | 91.106 | 660.52 | 92] 289.03 
‘4687! “17257 || 30 | 94.248 | 706.86 | 93 | 299-17 
484375 "38427 ||-31 | 97.389 | 754.77 | 94 | 295.31 
5 ‘19635 || 32 | 100.53 | 804.25 | 95 | 208.45 
515625 .20880 |] 33 | 103.67 | 855.30 | 96 | 301.59 
153125 "22166 || 34 | 106.81 907.92 | 97 | 304.73 
{546875 93489 || 35 | 109.96 | 962.11 | 98 | 307.88 
15625 24850 || 36 | 113.10 | 1017.88. | 99 | 311.02 
(578125 26248 || 37 | 116.24 | 1075.21 | 100 | 314.16 
5037! 97688 || 38 | 119.38 | 113411 | 101 | 317.30 
'609375 99164 || 39 | 122.52 | 1194.59. | 102 | 320.44 
1625 30680 || 40 | 125.66 | 1256.64 | 103 | 323.58 
640625 32032 || 41 | 128.81 | 1320.25 | 104 | 326.73 
165625 33824 || 42 | 131.95 | 1385.44 | 105 | 329.87 
67187 35453 || 43 | 135.09 | 1452.20 | 106 | 333.01 
‘687 122 || 44 | 138.23 | 1520.53 | 107 | 336.15 
1103125 39908 || 45 | 141.37 | 1590.43 | 108 | 339.29 
71875 40574 || 46 | 144.51 | 1661.90 } 109 | 342.43 
734375 42356 || 47 | 147.65 | 1734.94 | 110 | 345.58 
i) 44179 || 48 | 150.80 | 1809.56 | 111°] 348.72 
7165625 45253 || 49 | 158.94 | 1885.74 | 112 | 851.86 
78125 "47937 || 50 | 157.08 | 1963.50 | 113 | 355, 
796875 “49872 || 51 | 160.22 | 2042.82 | 114 | 358.14 
"8125 “51849 || 52 | 163.36 | 2123.72 | 115 | 361.28 
828125 53862 || 53 | 166.50 | 2206.18 | 116 | 364.42 
184375 55914 || 54 | 169.65 | 2200.22 | 117 | 367.57 
‘959375 58003 || 55 |.172.79 | 2375.88 | 118 | 370.71 
‘75 60132 || 56 | 175.93 | 2463.01 | 119 | 373.85 

9098 || 57 | 179.07 | 2551.76 | 120 | 376.99 
roo ciso4 58 | 182.21 | 2642.08 | 121 | 380.13 

921875 66746 || 59 | 185.35 | 2733.97 | 122 | 383.27 
9375 69029 || 60 | 188.50 | 2827.43 | 123 | 386.42 
953125 71349 || 61 | 191.64 | 2022.47 | 124 | 389.56 
96875 3708 || G2 | 194.78 | 3019.07 | 125 | 392.70 


76097 63 | 197.92 3117.25 § 126 | 395.84 


984375 
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TABLE 26 


Upset Screw Ends for Round and Square Bars 


| 
| RounD Bars | SguaRE Bars 


! 
Diameter sae nl ag er 


of Round || Execes of 
Side of || Diam. | Diam. Diam. 
“Square ee Upset] of — esos poten}: of Upset of Scr Threads 4s 
crew |atrootof|per Inc Screw |at rootof/per Inc 
hes | End | Thread| No. Screw End End pe Screw End 


Excess of 


d No. 
Inches | Inches ore oat lexdees 3 bog aad 
X% 3 | .620| 10 54 .620} 10 21 
- 34 | .620| 10 21 731] 9 33 
% %\| 731) 9 37 .837| 8 41 
wil 837 48 .837| 8 17 
% 1 1 837| 8 25 940] 7 23 
| 61% | .940] 7 34 1.065] 7 35 
% | 1% | 1.065] 7 48 1.160] 6 38 
| 1% | 1.065] 7 29 1.160] 6 20 
1 134 | 1.160] 6 35 1.284) 6 29 
1d; | 133 | 1.160] 6 19 1.389] 514] 34 
1% | 1% | 1.284] 6 30 1.389] 534] 20 
1ys |) 124 | 1.284] 6 17 1.490] 5 24 
1% | 156] 1.389] 514 | 23 1.615] 5 31 
1 134 | 1.490] 5 29 1.615] 5 19 
136 | 134 | 1.490] 5 18 1.7121 414] 22 
w | 1% | 1.615] 5 26 1.837| 414] 28 
4} 2 | 1.712] 44] 30 1.837] 4%] 18 
1% | 2° | 1.712] .437 | 20 1.962] 434] 24 
15% | 214 | 1.837] 434 | 28 2.087| 434] 30 
in | 2% | 1.837) 437] 18 2.087) 437 | 20 
134 | 2% | 1.962] 414 | 26 2.175] 4 21 
148 | 2:4 | 1.962) 413] 17 2.3001 4 ‘| 26 
17% | 234 | 2.087| 4141 24 2.300] 4 18 
13} | 234 | 2.175] 4 26 2.425] 4 23 
2 2% | 2.175] 4 18 2.550 4 28 
2%, | 2546 | 2.300] 4 24 2.550/ 4. | 20 
2% | 28% | 2.300] 4 17. | 8° +} 2.6291 3:7:1. 99 
23 | 237 | 2.425] 4 23 | 3:4 | 2.754] 3141 24 
i 


re 
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ENGLISH AND METRIC SYSTEMS 
English Measures of Length 


12 inches =1 foot. 5% yards=—1 rod. 8 furlongs ==1 8 
3 feet =1 yard 0 rods=1 furlong. 3- miles xa Lieccoe ripe 


English Square Measure 


144 sq. inches= 1 sq. foot. 380% sq. yards=1 sq. rod. 
9 sq. feet=1 sq. yard. 40 sa. Sedge mode 

4 roods = 1 acre. 

640 acres=1 sq. mile. 


English Cubic Measure 


1,728 cub. in. =1 cub. foot. 128 cu. ft.=1 cord (wood). 
27 cub. ft. 1 cub. yard. 40 cub. ft.=1 ton cn ray 
2,150.42 cub. in. =1 standard bushel. 268.8 cub, in.=1 stantars gallon 


1 cubic foot=about % of a bushel. 


English Measure of Heat Quantities 


1 Kilogram caloric = 3.968 British thermal units (B. T. U.). 
1 pound caloric = 1.8 British thermal units (B. T. U.). 
1 British thermal unit (B. T. U.)=0.555 pound caloric. 

1 British thermal unit (B. T. U.)=0.252 kilogram caloric. 


METRIC SYSTEM ‘ 
Prefixes of Multiples and Sub-Multiples of Meter, Liter, and Gram 


Deka = 10 Deci =0.1 

Hecto= 100 Centi = 0.01 

Kilo = 1,000 Milli = 0.001 
10 millimeters =1 centimeter. 10 meters =1 dekameter. 
10 centimeters =1 decimeter. 10 dekameters —1 hectometer 
10 decimeters =1 meter. 10 hectometers=1 kilometer. 


METRIC EQUIVALENTS 


Linear Measure 
1 centimeter = 0.3937 in. 1 in. = 2.54 centimeters or 0.254 meter 
1 decimeter = 3.937 in. =0.328 ft. 1ft.—3.048 decimeters or 0.3048 meter 
1 meter = 39.37 in. =1.0936 yards. 1 yard=0.9144 meter. 
1 dekameter = 1.9884 rods. 1 rod=0.5029 dekameter. 
1 kilometer = 0.62137 mile. 1 mile=1.6093 kilometers. 


Surface or Square Measure 


1 sq. centimeter ='0.1550 sq. in. 1 sq. inch = 6.452 sq. centimeters. 
1 sq. decimeter = 0.1076 sq. ft. 1 sq, foot = 9.2903 sq. decimeters. 


1 sq. meter =1.196 sq. yds. 1 sq. yard= 90.8361 sq. meter. 
1 are = 3.954 sq. rods. 1 sq. rod = 0.2529 are. 
1 hektar = 2.47 acres. 1 sq. acre = 0.4047 hektar. 
1 sq. kilometer = 0.386 sq. mile. 1 sq. mile= 2.59 sq. kilometers. 
Measure of Volume and Capacity 
1 cu. centimeter = 0.061 cu. in. 1 cu. inch=16.89 cu. centimeters. 
1 cu. decimeter = 0.0353 cu. ft. 1 cu, foot = 28.317 cu. decimeters. 
1 cu. meter }_ { 1.308 cu. yards. 1 cu. yard = 0.7646 cu. meter. 
1 ster 0.2759 cord. 1 cord = 3.624 sters. 
lit 0.908 quart dry. 1 quart dry = 1.101 liters. 
1 er {50567 quarts liq. 1 quart liq. = 0.9463 liter. 
1 dekalite: 2.6417 gallons. 1 gallon =0.8785 dekaliter. 
ret { .135 peck. 1 peck = 0.881 dekaliter. 
1 hektoliter = 2.8375 bushels. 1 bushel = 0.8524 hektoliter. 
Weights 
1 gram = 0.03527 ounce. 1 ounce = 28.35 grams. 
1 kilogram == 2.2046 lbs. 1 Ib. = 0.4536 kilogram. 
1 metric ton=1.1023 English tons 1 English ton=0.9072 metric ton, 


of 2,000 lbs. 
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TABLE 27 
Weight and Strength of Chain 


(Godfrey’s Tables) 
: SPECIFICATION 
Nominal ea || 2 eee ee Se 
Diameter Maximum Weight Breaking 
of Wire DESCRIPTION Length of | per Foot Weight 
(Inches) 100 Links | (Pounds) | (Pounds) 
(Inches) 
A Straight-link chain...|. 102 0.70 3,200 
-s a 3 Fd cle ldeleg 1.10 5,000 
3% sf - rene lg d1aee 1.60 7,200 
3% Crane chain........ 113% 1.60 8,280 
a5 Straight-link chain...| 12714 2.07 9,800 
is Crane chain......... 12614 2.07 11,270 
i Straight-link chain...| 153 2.50 12,800 
4% Cranechain.........] 151% 2.60 14,720 
54 Straight-link chain...| 178% 4.08 20,000 
56 Crane chain...:.....| 17634 4.18 23,000 
34 Straight-link chain...| 204 5.65 28,800 
34 Crane.chainsci. o.2 «3 « 202 5.75 33,120 
i% “ Teen cake 25214 7.70 45,080 
1 ag chr xt 3 27734 9.80 58,880 
1 Straight-link chain...| 28014 9.80 51,200 
1K Crane chain......... 303 12.65 76,520 
14 si “ 35344 15.50 92, 
1% 
134 
2 


Crane chains of wrought iron. Straight link chains of either 
wrought iron or.stcel. 

Proof test = breaking weight. 

Working load= 4 breaking weight. 
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.Diamond Bar. 


Twisted Lug Bar. 


Types of Deformed Bars. 
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House Plans Showing Layout of Hardware Items Needed. 
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ware. 
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@artye MOUSE) iiceicsicciic coi cece 8, 152 
Chimney flues, Sizes of.......... 387 
Chimneys, Brick, Specification 

POT Mises ceriisectse aigievarsiele elsisie8 s'0. 89 
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Data, for estrmatine (hie. cree 741 
Reinforced concrete ...... 739, 740 
A VDOS: JiciccPaidesisaisaineonelteceds 741 
See Bridges. 
Cup) Dar, cick ate caereeaaccennatels 294 
Curb and gutter construction....670 
Concrete, Material for......... 288 
Cost Fol Rvs sicaaseneecne eeeeeee 676 
Specification for concrete curb 
and® giatter -s./s:..saskaemetectree 
Cut stone, Cost of 
Cutting tools, Speed of.......... 850 
Cypress; Grading Vices mem sictecicire 144 
D 
Dam, Concrete, Cost lof +.2.7.c. 6 347 
Data sheet for reinforced con- 
eretes bridge vertices asienietets 732 
Day vor-niehtrshitts. antes emetic 23 


Day’s work in trades, see un- 
der various trades. 

Day’s work, Pay for, in build- 
ing tradespessitancnk 765, 766, 768 

Decktiroofp masse saneeas nar deseeea 244 

Decorating, see Painting. 

Decimal equivalents of inch 
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Demolition of buildings ........ 119 
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Depreciation in roofs ........... 245 
Diamond wbatmtenastea dices oe teeters 295 
Dimensions of lumber...... pA v5) 
Discounts omeponusies cea selictes 26 
EVUSTOM POT ige eietsisitalois closets ceraeleetio’ 596 
Ditches, Hxcavation of.......+:. 130 
iDhforey BElekals! Cit Elsuocanoob pause 642, 643 
DOGRMLOCKS Mrercistelsseleinetere viele ener 643 
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Doors, Specifications for........ 2G 
Dormer windows ...........+---- 197 
Downspouts aiatetahereretoy aiorcteraa ester « 271 
Downspouts, ae work in 
placing 25. :0s2- sees sh uctwewee 272 
Drainage, Land, see Sewers and 
conduits. 


Drains, House, Specification for 87 


Drain-tile, Concrete ...... see OL 
Drawings, ‘Cost Ht <2...41 <2. ve lhS 
Drawings specified ............-. &5 
Driers, “Paint “0. 5 Sawicki ce ~brediOO 
DEM ing ieee ek. Rou bcteaiie ab0 SeaWROs 


Sharpening bits for ..........139 
Driving piles st scerd.ewecs ot M82 


E 
Earth excavation ...... sees ok s'sU 
Earth, Natural slope of ......... 120 
Beat Ba = POAES I a.ae'te-e alcieloy aerelere owrewee! 677 
Hastert ~ pricks oceniccsueesoun see 374 
Efflorescence on concrete ....... 326 
Wiectric Wwitthg s4..0.cl senses sve $39 
A. C. and D. C. systems, Wir- 
DEAS LOT 1c cre yeteivieretevereteteiors wee thin 544 
Aflteminum ‘Wire ...c0scc8 socees 549 
PATO PADS) cc snciosccce eden eens sh 546 
Automatic cut-outs, Rules for.567 
Bell circuits ...... sGuR EER cctenely 547 
ranch ClCUIES | iecgicceles visewae 552 
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ft. Ore EPace | Seon bes ceewee tee te 566 
Carrying capacities of wires...549 
Contract for stokes. ceeween etn 539 
Copper conductor, Cost of per 
MOULEY ~S clove Wien ale Rete shsten cake ce 564 
Current, Calculktians OF... 554, 573 
Gut-OGts — sceicsewesecen teeeeee 544 
D. C. motors, Sizes of wire for 557 
Dynamo room, Wiring of...... 541 
Enclosed are lamps, Illumina- 
CON DyP Reivers ces weeteenee 567 
Electric gas lightifg.......... 574 
Electric heaters, Installation 
OP PTs A EE reece 569 
Electric illumination 556 
Wirei lights “ety eeeees eee eetce 542 
Pleible cord nce oe eect 545 


Fuses and circuit breakers. ..567 
Fuses, Interchangeable 
Generators, Location of....... 539 
Hazardous places, Wiring for 547 
Horse-power, Equivalent in 
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Snele Warne <6 6.65. cca edee 542 


Inside wiring, Insulation for.542 


Interior conduits, Dimensions 
and weights of .......... mon Fe 
Interior conduits, Rules for 
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Length of wire, Measurements 
BOE Fo eee ice tet cs ving sate Remon 547 
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Light and power circuits....... 553 
Lightning arresters, Installa- 
EROB FOR Paras e sates + sicantconmees 570 
Measurements for ............. 547 
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Moldings, Wood ...... Pre een ed 
Meter Achrcae Lies 0c ee San ee 555 
Motor circuits, Size of wire 
BOT) po Mc teh ees< bone cone eee 556 
Motors, A. ©. and 1. C:...<2. 539 
Motors, A. C. induction....... 540 
Metors, Location of............ 539 
Motors, Protection of.......... 539 


Motors, Voltage allowed on...539 
Open wiring for mill work...543 


utside wires! 6.05.4. 2c. ccc oan 541 
Portable lamps ........... Saleen 
MRuosetias 7 feo en wtochs ceo cota 545 
Rules of National Code....... 539 
Service wires, Size of.......... $51 
Signaling systems, Installa- 
tee UGE F weirce se eccicnen Bo escee 570 
Single-phase motors, Wires 
RON hee ceive ince ee cok eee 564 
Size of wire required.....548, 554 
Storehouses, Lights for....... 547 


Standard copper conductor, Cost 
of, per mile 


Switchbaards soc. ce. ecce ee 
MOWIUCRES cskeecn ccs tenes cote 
Switches, Location of 
Telephone and_ call-bell  cir- 
CRUISE Rois cots iascccoce ee 547 
Three-phase motors, Wires for.565 
Three-wire system ............ 557 
Three-wire system, Neutral 
PELE BG) Od SOMITE Baa Bere Sn 558 


Three-wire system, Wires for.559 


Three-wire system, Wiring 
egret ee pose eee Coase 560 

Transformers ..... BP Saco 542 

Tubes and bushings, Dimen- 
SYOHOMOL, Seanwice .ccnsskereee 573 
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lighting system .............550 
Wiring diagram for factory 
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NEB leetercre cts che iat sis sie slemicios vie 9 854 Excavation, Trench ............. 276 
Emery wheels, Speed of......... 851 Experience data on costs....... 36 
Employers’ liability insurance— 
ene We Ye Bec van 0 81506, 242 F 
Enameled “prick 6 | NGHodadeornos I 375 
Engineer as estimator........... 12 Factories, Cost per cu. ft.......784 
English measures .......... seem O09 Factory insurance ...........00 303 
Equipment, Contractor’s ....... 24 
Equipment, Repair of............ 134 
Equivalents, Decimal, of inch 
FRACTIONS is desicas.c4.eee’ oo 855, 856 
Equivalents, Heat and power...855 
Equivalents, Metric ............ 859 
Estimate, Blank form for....... 825 
Brickwork for residence....... 388 
Carpentry, Form for........... 183 
Floor, Wood ........ Dele sige as Oo 
Store, office, and flat bldg.....184 
Typical, Frame house ......... 175 
Estimating, Cubic foot, Cost 
Ceety Abb ongeo se 7oet soaseeee 767, 783 
Definition Of... cceccvcscccscnes 9 
Disadvantages of old methods 48 
General principles ...........+ 9 


General rules for . 
Inaccuracy in, 
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Preliminaries to ... 
PULPOSES [OL Wises cicsccsieieciceecnsis 


Quantities to be bonbidened, . 22 
Quantity system described.... 45 
Rapid, Methods of.......... ‘780 
Estimators, Abbreviations for..786 
Wo they ane ec. cic coe cincicices 12 
Mv aparation Ge. strcccpiic.sces aaaroacnele 834 
Excavation, Basement .......... 276 
Bxcavation, Warthi 4. .c'0 ccs 120 
OSE Obed lsat siatireh ce. a sisis% 127, 135 
MDIECI I, WOTIK! Weles caves sie biaceis eos 08 130 
Drag-scoop scraper work...... 131 
val Ex tags mane loyelefensidtereteis’< Adgondsodsdode 


Leveling .......... Biter ole steielsiere® 
Loading material ....... 
Loosening material ... 
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Fence, Solid cast concrete......350 
Fence-posts, Concrete ..........349 
Fillers, Liquid and paste...... . 612 
Pad stg. ces ensen ss cise ivesletelettaithe «oon d4 
Finishes, Surface— 

For concrete, Cost of......304, 325 
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Fot hardware ..0siccceeciees 0n-0c040 
For , radiators: ses Saelenrste se cere Oe 
For stucco ..... slafere elsts eV einisicitierc 345 
Fir, Oregon, Grading. .. 0.0.0» »~» 44 
Firebrick, occ Wereleteleie cveiewv saints .407 
Fire insurance ....cccecseses sa) S07 
Fireplace, Brick ...... Saad tern 377 
Fixtures, Kitchen and bathroom, 
Dimensi@nis - Gs i.iicis cie's:cct slpc athe 786 
Flagstone, Cost Of '...:00..0.00080%d00 
Mlashings, Roof \....cee ssc cesses 266 
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Plat. £OOE MerasscisicisinW.sicte's steniiers 243, 245 
Floor-beams, Reinforced  con- 
crete, Measuring for......... 280 
Flooring, Oakes v.sstslisdcescstecsines 191 
Flooring, Wood «10 vsisecsevsscs ce 183 
Flooring, Wood, Grades of....... 183 
Lidge Wok Masse len. steer neaatenre aaceet 183 
Thicknesses and faces ........ 189 
Weight: Of B. vascds. eaaceemennter 190 


Floors, Bridge, Steel ........436, 437 
Floors, Cellar, Specification for 90 


Ploors, Conerete 2. .cecses.is 39, 279 
Cost HOE /rerretolictim sielalaleivia eater teers 39 
Flat-slab, (Cost s6f 6 éslee stesieres.es . 40 
Materials: for tio. sce cine 283, 284 

Floors, Finishing ........285, 607 
Granolithic finish .............285 

Floors, Loads on ...... ta eYeretaishots . 194 
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Conerete® cncmmckacvubebekinees 41, 275 Specification for .......... 112, 537 
Concrete, .. Costotsasen sees keene 41 Supply Pipe ....+..sssesseeeceee 536 
Depth iOfe-sqver sassasegeebees eae 141 Supports for piping ........... 537 
PropOLttiOns wObiuciesatecisniesigeantes 140 Testing ay Ssystem of... Jscscket 536 
Form of agreement, Standard...809 Gauge, Standard, for iron and 
Form, Blank, for estimate....... 825 Steel amit tesens <ac 6 briationwin sean 264 
ori. OF! Dond-—csdasissoeecee cauceue 811  Girder bridges, Concrete.712, 715, 717 
Form of contract -.....s.+e.0. 788, 821 Girder bridges, Reinforcement 
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Foundations ..... 41, 88, 139, 275, 354 Glazing, Day’s work in........ 633 
Bearing power of soils........ 141 Howaelass as: rsoldic... eeinraect 631 
Concrete. (f.cremeeser we 41, 142, 275 Mode of setting glass......... 630 
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Thickness,y Of (iver. b> aate uate 140 MVanGGwierless 4... «ck aacemenenes 630: 
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Frames, Barn.) stomthenmelecs 153, 154 Gutter strip Uasancanccioe +2255, 257 
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Gutters, Street, see Curbs and 
gutters. 
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Hair Gor plaster eck sets essnceanes 593 
Hammering 2. o.cccc tec ccs 137 
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Hlardware, Wuilders’ jiccicceis ssi ed 640 
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Plawlane miCost) Ove. case cs 308, 432 
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Heat, Definition ofl ccc. .-c es 438 
Medsurement Of ©<.......03000% 842 
Heat and power equivalents..... 855 
Heating and ventilating ........ 438 
Accelerated hot-water system.475 
Air, Cu. it. of in 1 pound...... 445 
Air changes required.......... 440 
Aer dicts, SIZE OL fecccc«ciscn es 494 
Boiler horse-power ...........- 477 
Boilers for heating plants..... 477 
Branches, Number and_ size 
that mains will supply...... 466 
Cold-air supply .......cc0.e05 490 
Combined power and heating 
SV SUE Sei sieleiatelesis sieielelo\eiaisis nlsjals 484 
Conducting power of various 
PHALETIAIS Mirele cieciss sicis sel efeelee © 442 
Cu. ft. of air passing through 
peRel: | Bane taco asters’: a Mataieletetaials 443 
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Equation of pipes ............. 472 
Equivalent glass surface....... 456 
Equivalents, Heat and power..855 
Expansion tanks ......c.essees 467 
Expansion of wrought-iron 
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Exposure of buildings........- 440 
Fan heating, Coils for.......-. 493 
Fan heating, Motive power for.494 
Feed-water heaters ....+...+++- 488 


Firebox boiler, Horizontal....482 
Fire protection, Rules for..... 495 
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Flange unions ........ sletisterniaas 471 
Flues, grate area, and heating 
Surface! Vacccscasntiesareare 492, 834 
Fuel, Estimating value of.....439 
Grate Areas. Sarsesacees someon oek 492 
Greenhouses, Heating of...... 463 
Coal, Heat value of........... 446 
Flue sizes for plants.. +» 388 
dleater, | Design! Of) sai cweectent 494 
Heat losses......< 441, 442, 446, 447 
Heat losses, Problems in...... 444 
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Heat units, Value of..... 10000438 
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BLOTS SOLA sateisieisisteeiseve vee +486, 487 
Honeywell generator .......... 475 
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Hot-air -systemsinws. sets checees 488 
Hot-air furnace’ Wesn.a ses oe 2 489 
Hot-water heating, Direct ra- 

iatvors “iver <thatelersteisislsjeiaie eteteretts 463 
Hot-water heating, Indirect 
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Hot-water mains, Sizes of..... 465 
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Mechanical heating ...........492 


Mercury heat generator.......476 
Milwaukee heat generator.....476 
Paul system of heating........ 474 
Pipe, Commercial grades of,..471 
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Pipe, Wrought-iron, Dimen- 
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See Bridges. 
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PORMMs ct ene GEESE Ne c diarcats hae 101 
L 
Labor costs, Weekly and 
THON AN Ye Moe toies t, cayhinw cuts See - 28 
Labor organization on concrete 
WOLouE eh wak Nidwys tac Gee 312, 314 
Labor quantities in carpentry...209 
Labor, ‘Wage? tables, .. 0... 6s .c.05, 765 


Lacing) of belts”. .52.. ‘sees snpeaeGos 
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SESE aia cin gsr cicis v de.eddsinie,< 579 
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Wood, No. per square......... 157 
Lathing, Specification for....... 90 
BPE R OVEEO g Obs cies -ciapsiessscehis'« 852 
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MAG, OMEGA s dacle eins ni0's a's sie\e's 267, 529 
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Liability insurance .......... 26, 142 
Pate af house parts ...2%..00..005 202 
Lime, Hiydrated............- 330, 581 
Dari POSE fe cwieb ite vaciele's asec nae 580 
Colors #0 ..ccccn« “Dacre dar ecoke 383 
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Loading material for removal...132 
Loads, Safe, on brickwork....... 375 
On evden rads sige ene. 715, 730, 734 
On cast-iron columns...... 208, 209 
On, BOOTS. tecsiceiasicsis « acvecloeraa a's 194 
On lumber .......eeeeeeeee Ren tet 48, 
Omepiles sirccdecwnes Bards Hassler 141 
On stone Masonry ...eeeeeeees 370 
On stud partitions........++++++ 231 
On trussed beams ....... Apress 232 
On wood struts in concrete 
FOPINS, See enw doen Warde ria at 300 
On yellow pine beams ........ 211 
On yellow pine columns....... 224 
COCKS) a eiata salen iaeas* caacecnes «643 
Logs, Board tect SY eeco beac +149 
Lumber, Actual sizes of......++++ 147 
Board feet per square......-+.- 157 
Dressed, Sizes Of ....seseeeeees 145 
Estimating amount of.145, 153, 187 
Grading Of ...ccccccsseccenceres 144 
DOAdSal Oll aisieleitiel= siv'elolsinedriaiysid oe 148 
Measurement of...... 145, 153, 188 
Preservative treatment of...... 848 
VICES UK acdesniea se pecocoder ten 
Weight of .........+0e0+++-209, 844 
Lump-sum contracts .....-.+++16, 59 
M 
Macadam roads .....-..++ meer testsr 679 
(Grohe sadcntubadasedd P acta ote 709 
Machine drilling .......+seeeeee 138 
Mansard roof ........++ «ee 243, 244 
Maple grading Be Le eels oh 44 
Masonry, Brick ...-+ssssceeseess 370 
Boiler settings .......++++- 409, 410 


Brick and frame compared... .404 
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Brickwork, Weight of ...... au) 
Cement brick, Pressed......... 407 
Chimneys, No. brick in.......385 
Cisterns ...<..s0- Badges josictioes 405 
Kire brick jctccsse sa Gi setee ees 407 
Bivie-Haings, (ssc oacdad vere vessiee 387 
Blues Sizes .teiscscecdcce ase 
Footings, No. brick in 
Kinds’ of brick... 0, -A.eecesees 
Loads, Safe, on brickwork.....375 
Measurements ........ 377, 379, 380 
Mortar ccadcess sachs te 382, 582 


No. of brick required. .379, 380, 388 
No. brick for residence 
Pavements 00.ssescescned 
Pavements, cost of........ 5 
Old brick, measuring........... 
Piers, No. bricks needed...... 381 
Piers, Strength of 
Sidewalks 
Tile: qwotle: 3). ds-visene seats aveveetas 
Veneer, Labor quantities...... 377 
Walls, No. brick for...... 379, 383 
Walls, Thickness of. 


see eer ones 


Walls, Height , of. ...6..0 sen es 
Waste of brick ........ 0 
Masonry construction ... 

Miasotiry, “Stone: casks. celsieis ess 
Cutting and dressing, Cost of.368 


Plagstone, (Cost ios .c.mencanerk 366 
Moadswon, wOateny i ineteenidale sae 370 
Measurements .......... 


Monta pecaies site uaeemsrenueanatee 
Mortar per cu. “fi 
Setting stonework, Cost of.....367 


ills Cost, Of vaiiinaceatscsaieeetias 367 
Stone; (Costs O80: uicitactseceants 365 
Stonewouk, Gost ‘OF so.cmencscee 366 
Water required per cu. yd....368 
Water-table, Cost of............ 367 
Masonry, Weight of......... «B41 
Master card of cost data....... 44 
Material sheet for reinforced 
CONGCKELOIE a covselrsialeieieuiotias Honkin 292 
Materials, Ball of <.....cecesn0e: 168 
Materials, Building, Relative 
COS? OLatertyarwecv.sancs 774, 776, 779 


Materials, Loss and shortage in. 28 
Measures, English and Metric..859 
Medina block pavement, Cost of.708 
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Metal, Painting on......431, 613, 623 
Metal ceiling, Measurement for.272 
Metal lathinc s,s. BANA GSAS SRC 341, 579 
Metal roofing ...... See wineielateeete LOD 
Metal roofing, Day’s work in 
Vay 11g Weed deatee=s omens Fee wee OO 
Metals, Weight of........ Rants . 841 


Metric system of measurement. .859 
Mill buildings, Cost per cu. ft.784 


Mill construction, Insurance 
COGES Daye icteiaiaiete crwislelesiele scale conte eis 303 

Mill floors, Yellow pine, De- 
HECtIOREAN ese Reiie dicts aes 
SDPANS y FOL cies 515.9 nls Sia isis wise reiels wreind 226 
MaIL Work te scree ccs ew siegememe 165, 160 
Minerals, Specific gravity of....842 
‘Miscellaneous,’ Item of........ 28 
Miters Om SCOrnices: Jccessewesscee 271 

Mixing concrete, Hand and ma- 
chine!<, .slakseksen access 314, 324 
Molding, Carved, Measuring....270 
Molding, Crown Sanicccciceucscens 270 
Molding, Flat bed ........ <issisiee/O 


Mortar, Cement.340, 345, 369, 382, 582 
Materials per cu. 


Materials per cu. yd..... 300 6 369 
Materials for 100 sq. ft....... 346 
Water required ......0000000020346 
Mortar, Coloring of......... 327, 328 
Morgat,. Times secs eaten 369, 382, 580 
Colors) fOr" 4.cu meee Se sda etalon 383 
Mortar, Materials and mixing. 
Fo eeSasat ooeee e346, 369, 382, 582 
Mortar, Specification for......... 87 
See Plastering. 
N 
Nails, No. per pound............ 160 
INO, "required bi. caves cakes tenteee 157 
Hor Aoorsy meweracse. Kvelsinshleeeet OO) 
Hor \slate roofs... aassee uaisttion 252 
DIZESLVOL Sosa his sme adden seenele 160 
Natural cement, Cost of......... 305 
New Hampshire rule............. 150 
New York, Street improvements, 
COStegiigat ates cen Reskals Seong. +707 
Night Fors day shittesess<ccese sees 
ie) 
Oak flooring .......... dswinstvaeeeOoL 
Office building, Estimate on.....184 
Orange\ River, rule. cee ven 150 
Oregon, fir grading...cscsseserene 144 
Organization for contract work.. 
se\einislaiv eb oiiniessiesionsscevectens G1 ,00L 


Page 

Ornamentation, Concrete ....... 286 
Owner, Essentials to, in con- 

EEACE D ciaswrriatere > ss, ccle'ee cence 64 

Obligattons ini meses soc 69, 75, 78 

Special privileges for ..... aoe JOD 

Pp 

Painting and Decorating.......595 

BAT TES a cept ecine' cc cuseus chew ee 
Benziney acmecksccse.isccce 


Bronze, Liquid 
Brashes | goceiee eas. tcl. casasoes 
Caleimiaing ie etawe.cieetee oc 
Colored paints, 
NG COSEDinee eens ci 598, 599, 616 
Concrete surfaces, Painting. ...613 
COSES 2S occ cece 

Cost record 


Covering capacity ........ 597, 621 
Covering  icnots) so. ce dcecks +. 603 
Day’s work in painting.......623 
DTieLS. onawves Sasistisiskicee Ravens + 596 
EXtENGETS WaieesWewiess «cancers < +» 595 
Exterior work, Materials for..601 
Hillerss | UWSe “Gt: kecxcsscdees 606, 612 
Floor painting Richetn eee ee 607, 610 
Galvanized iron, Painting.....613 
House, Specification for......, 103 
Ingredients of paint........... 595 
Linseed GOW oeewansctic bores 596 
Linseed oil testing ........... 614 


Materials, Quantities of ......621 
Materials per square 
Measurements © ..:.2...050... --.617 
Measuring exterior work......619 
Measuring interior work 
Metal, Painting ...... 
eet 5 otatan Sree 431, 623, 624, "625, "626 
Mixtures (oil, flat, etc).......596 


Oil finish for floors......, cee esO10 
Pigments and vehicles......... 595 
PHM Pete em oe woecse shad 601 
Putty, PUSS Mick sess.%0 ces ce 604, 632 
Radiators, Finish for.......... 614 
hellacare es dee shicce see ssn -603 
Shingles stains: <.che.c.4ocsee --612 
Stains and staining............ 611 
Steel structural work, Paint- 
ing ..... eee 431, 624, 625, 626 
* Thin coats, Use of'....) Seen ieev O03 
Things to avoid ..... <eieciece HOR 
Tin, Painting 
ME UEP EMUME ae wstdeescse tee wae weees000. 


Varnish, Kinds of: Sees neleewenwe O04 
Varnish finish for floors........609 
Varnish, Preparing surface for.605 
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Niet eae STS Be Paiar a ts <'sto.niajcteis's sie'slegs 608 

SUT AEA] sta etetetays nie 'sls/o.\6j</s's\a'a:030 004 596 

Witte lead Mer cides seis sccsisivivie cia 595 

White lead testing ............ 615 

White paints, Cost of......... 597 

Whitewashing .......ceccsessess 629 

ZINC T WHILE is ceesce ce 5 aiteieys ais ele 595 

See Paperhanging. 

Pantry, Kitchen, Specification 
TO Teme pretence sisisie\s a's s\0.s10.09 
Paperhanging ...---..+seseeeeeeee 

Labor quantities .......... 5 

Measurements for ........-+++++ 

No. of rolls required...... 

Pasko pacedessns ccs «ccc scinc.corsic 

Wallpaper, Kinds of....... 
Partitions, Board feet in 

Specification for ....+-++++- 

Stud, Loans on.........-- : 
Paste for paperhanging......---- 
Patent plasters .......+eeeeereees 
Pavements, see Roads and pave- 

ments. 
Paving brick, Sizes and cover- 
- ing capacity -..ceeesereeerers 683 
Pebble-dash stucco ...+.+.+++++++ 345 
Perch, Meaning of .......+++++++ 364 
Piepmeier, B. H., on bridge 
COSC Sars ella slelaais c sin! Saisjereiaiz0) na 715 
Piers, Brick, No. brick in...381, 394 

Brick, Specification for ....... 89 

Brick, Strength of.......-- 375, 376 

Concrete, Measuring for....... 278 
Pilasters, Concrete ...... ....279, 286 
Pile driving ...ceseseseeeeeereees 142 
Pile foundations .........+++e+++* 141 

Concrete) .as ese +e Ae h siaciegites 354 
Piles, Bearing power of......--- 141 

Safe loads ONn.......+eeeeererees 141 

Sheet: saccecscscecsece Bama aisialseailat 

Wood and concrete ....+-+-+++- 355 
Pine, Grading Of c.0¥0 aie tlelesieleisie 144 
Pipe, Cast-iron, Weight and di- 

MENSIONS ...eesececeeeeercrers 352 
Pipe, Sewer, Concrete....-.++++ 351 


See Plumbing, Gasfitting, Heat- 
ing, Sewers and conduits. 


Pitch of roof........- Behinieictsls stein 244 
Pitch roof .ccscccccccecccceseseres 243 
Pit excavation ....-+sseceeeerees 276 
Planers, Speed of ...+-+++++++++> 851 
Plans, Alterations in .....+++++++ 85 

COS LOL | eiieiieileo afro Ase a eee el) 


Specified Cc DOA CCU DOR 
Plant, Contractor’s ee eect icne@ar 


Plaster-board .... 


PIREtETING) \cleeiamein cisicines 
Cattle thair oy s.0 
Cement mortar 
eieeseleieieisiersiet=t) 340, 345, 369, 382, 582 
Gement Stucco!) pce se scmcecer . 340 
Grounds ......... Rela a 
Hydrated) ligne ./ss<ieeis cielo 
Keene's) cement scric'1ccicie sisiesisbaie 581 
IBN yesm Cete-b7-) shel Gaogdcodcocad seood: 
Lath, Sheathing ......< doponsas 579 
Bath, Metal sie <ecsns 
Lath, Wood ....... see 
Lime plastering ..... 
Materials sed Siccssasiiiectsstran 
nateeleietelsie 340, 345, 369, 575, 581, "593 
Measurements ..........04. 575, 583 
Mortar quantities and mixing.582 
Patent Plastexsy aasicceniclsieentsO79 
IPlAster-baard ar rieeciseteisticleecteer 578 
Specification el OVs tee ceicicorelsiere Aone A) 
Surface (plastering area) of 
various-size rooms ........... 583 
Tables for estimating......... 582 
Two and 3-coat work...........580 
See Mortar, Stucco. 
Plate pwlass: vstaanepcrccses SGoab aude -630 
Plates, Steel, Cost of....... 418, 426 
jose opeat | cagaagncoondbohonaGaKanT 496 
Ballitcocle scengiecsumees ROO GON » 526 
Barometric pressure at differ- 
ent altitudes “isjeacce. settee 531 
Bathttab) “sri csistaieeccateeresis tet cept) 
Brass piping, Weight Obes: agate 530 
Centers between fittings, How 
top fad acacsiweriessen aatereictaeeiea eo 
Closets) Saws waiczascsinsielevistesistere 510 
Construction, Making up.......512 
Continuous’) venting. «.....s6..5 516 
Corporation cock ....... hastens 524 
Fixtures for 2-story and base- 
ment) bil ding 1.5). seminar oUe 
Bloor idraitic ccm asseiscer sonedae 507 
Fresh-ainwinlet, |. ce seas vcsoiencne 500 
Friction equivalents of ells 
Ei ots Darcvecye gena setictaiaey Rrererarrotereists 532 


House sewers, Fall per foot...500 
House sewers, size of 
Kitchen sink 


WEN ELGIBE Soonbobuotbeupsadseanan 
Lead and oakum for Tie -pipe 
AOIMIESIN eee sAfeintaiaverse aeiele coer one! 4 
Miner's’ inch! .aesess-\s\> ven eciters 529 
ihapbarey EA SononbooRaGoo bode 503 
Plans and specifications for... 


106, 496 
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Rain leaders, Size of........... 498 Poptection of  .......%00..00008 8632 
Range betled  sicicc. ves bastisletts 507 NJGE NOE) eicinsive ls wove tone soe Bene es SOOS 


Range boiler, Connections for.525 
Range boilers, Dimensions and 


weights of ..... BBN Oalo ts Sialeeie’ 529 
Refrigerator wastes ......:.... 526 
Roughing-in ....... Kvvcvhsdvat ..501 
Roughing-in measurements. ...507 
Sewer and connections......... 498 
Sewer discharge, Volume and 

velocity of .ccsceceses RTs eksee 332 
Sewer mee Carrying capacity 

of see eees er ececesesece ede eeneee §28 
Sewer oe Dischiree per sec- 

ONG Wiss heeocwek ce meedacsecees 528 
Sheet lead, Weight atid ‘thick. 

HESS GEA. chee Saaeedissesetes $29 
solder, ‘Kinds of i:ss.c..s%00s 533 
Soldering, Fluxes for..... Selec eae 
Process* OF -si,ccdvseoavsess aces ct 533 
Sdldetiagk” bith. vo.i.c61. 6350... 834 
Soil-pipe, Joints of............. 501 
Soil-pipe, Sizes allowed by va- 

PIOUS CLES F... La Gees Sete acess 521 


Soil and vent-pipe, Weight of.501 
Soil and waste pipes, Minimum 
diameter allowed ............503 


Soil stacks +.....4... iscevemacees 515 
Soil stack fittings ............ 520 
Specifications .............. 106, 496 
Stop and waste cock....... des 0524 
Steel tanks, Dimensions and 
capacities “GF tssechsia. i. 531 
Storage tanks, Capacity OFS. 530 
Testing the plumbing..........527 
Traps and ventilation...... + +498 
Vertical pipe work............. $11 
Wash-trays ..... peta Se chea ce oUd, 
Waste and vent pipes.......... 512 
Wate! ANTE. ONAL icc dees ten b25 
Water service pipes........... 523 
Wiping joints) isc.t.c..cce ces. 518 


See also Sewers and conduits. 


Poles, Concrete ...... oe ReNehe 351 
Portland cement, Cost of........305 
Power and heat equivalents...,.855 
Preservative treatment of wood.848 
Pressures in boilers ............834 


Pressed cement brick........... 407 
Posm Selass: See... sha wees steeae +631 
Profit, Percentage for............ 28 
Proposal, Invitation for...... 2. .789 


Short form of slealecdWiaib's sien sOoe 
Standard formyok weecce. geek 790 


Q 


Quantities, Taking off ...... 159, 187 
See “Measurements” under va- 
rious heads. 


Quantity sheet, Hardware....... 646 
Quantity surveyors .............. 45 
Quantity system of estimating... 45 

ABVANERZES To caataba cose owele cea 55 


- Quimby process of finishing 
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Railroad bridges, cost.......436, 734 
Steed) as jisacmen stub cneteces -436, 437 
Railroad ties, Concrete....... Se es 
Railway concrete work, Costs...304 
Ransome twisted bar........ +++ 294 
Record card for builder..........781 
Red gum grading ...............144 
Redwood grading .........c.cc0ds 144 
Reinforced concrete— 
Abutments, Bridge, Design....736 
Bridges, see Bridges. 
Columns, Measuring for.......280 
COStS iors exer. 41, 297, 302, 303 
Data sheet for bridge..........732 
Fence, Solid cast ..... eos eee!) 
Pence-posts cise iisekiees. 45 5049) 
Floor-beams, Measuring for...280 
Floor and roof-slab, Measuring 
for scisas Ritismetolaaek cokes 281 
Forms, Cost ofsjaccccccis + -297, 300 
Forms, Time for removal...,..299 
Girders, Measuring for.....,..280 
Material sheet. 00:0 50c0008..4000 292 
Measuring for reinforcement. ..290 
Piers, Bridge, Design 
Poles, 7 Lite eek wwe ee tisha ae 351 
Reinforcement for concrete. 41, 290 
Reinforcement Steel, Cost of 41 
Reinforcement, Steal, Base 
prices and differentials......293 
Reinforcement, Steel, Weight 


Of; per omy fy di ici .th. cess cE 
ULOE: -Kaviawsss ONY ORE RIGERE +0052 854 
Stairs, Measuring for ......,.. Bi 
Tanks, Gost: ‘ofa d..hocks, vas wi cOAy, 
Walls, Measuring for........, -280 
Weight (of bared. ccesesckk 293, 294 


Removing excavated material.,. - 132 
Removing forms, Time for.......219 


seein chsientilie 
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Retaining walls, Concrete...... Slope or pitch of roof..........244 

BSal ge tates stedieeisie's s)=:\2's/© 278, 304, 347 specication) Lor “s.ccc sussesies ots - 94 
Cost of ‘Lar and Ugstaver . scan smeaeen neoo, 
MEASUrIG EDK yo6.552 <p.ccinceeies -278 Dale Weasel seRntcn aisoere se eae ys} 

Rivets, Steel, Cost of......c.000+ 420 ¥ tba Wn aeaee LSarhe ean ance oneeeree a3 
RW Os) PEO IDS geo su vic ace Seah Ate 432 TYPES Of TOOL s.-pen doabontAds . 243 
Reads and pavements............ 677 Weight of roofing materials...272 
Asphalt block pavement....... 709 Wood roofs, Board feet in....1 
Asphalt pavement, Construc- Roofing, Galvanized, Cost of....427 

PION AOE ae at stisisisis.s aicie’s tie:cisre .-./02 Roofing materials, Life ct...... 245 
Asphalt pavement, “Cost Obs care 704 Roofing nails, Barbed............262 
Block paving, Costs....... 680, 7.8 Rope, Weight and strength of...847 
Brick pavement, Cost of...... Rough-cast stucco ..........- +345, 

Meakevewn ees © oe..081, 685, 79 Rusting, of tools, Prevention....854 
Brick ‘and block pavements... 
Aainlatareinieeie sic'aie ais Aca 681, 683 s 
Brick beyement top course, 

BBINCICISOL Goeaeus ce vce escoceess 686 Safety factors in steel struc- 
Brick paving, Day’s ef wbrk in. .684 PUES Te ws isinarcmenewsmdetiiestedae ae 435 
City pavements, Cost of....... 707 0 Sand, Costs OfaG/sppsidouatin side cae Oe, 
Cobblestone pavement..... 796, 709 A. LGAG VOL sais oe ciesicicislecibieisietees ape 
Comparative values of different Weight of ....+.+<- DAB aeen ge.) 

pavementS ....... sececeee 0 Z08 Sap gum grading ......... ee eee el 44 
Creosote block pavement, Sash, Window, Sizes of.........166 

CORES meade ccscp sees OhG. - SAWS, MODEER OF -..cupbicraceuba eee 850 
Concrete pavements ...... 687, 7J1 School buildings, Cost per cu. ft.784 
Concrete pavement calcula- Scraper, Drag-scoop work....... 131 

LOE te tera euinetseeniae Be sete ss 701 Screw ends, Upset, for bars.....858 
Concrete oavenent: Materials Scribner-Doyle rule ............. 150 

OL EM its cesta desis sie Mara aiere etdio 701 Sharpening drill bits............139 
Concrete pavements, Speciti- Sewers and conduits ........ +++ 758 

CATIONS: FOF ...6s veccceeesece 694 Area of sewer, Formulae for 
Crown for pavements......-+-- 693 CAlemlapity wine spelen eeeinsi cee 755 
Barth) woads” sccssssccesrs.seee0 O07 Brick SEWELS wo.cccwcasesss Ancarvids 
Filers for brick pavement..... 686 Capacity of sewers.......... neha! 
Joints in brick and _ block Combined sewerage system....750 

Pavements ....-.++.++++++ 687, iB Farm drainage ......ssscsccsere 762 
Joints in concrete pavement. ..693 Functions of sewerage system.570 
Macadam “....cecess+e renee 679, 709 Ground water ......... peNsieienscod 
Roadbed preparation ......-++- 677 Intercepting SEWED 2 scce coe en VOD 
Stone block pavements......--- 689 Land drainage ....... Sopa acai! 
Wood tlock pavements....685, 709 Lateral S€werS ........ssesseee 750 

Rock excavation .......+.sereees 136 Manhole, Construction of......761 
Rocks, Specific gravity ot.,.-.. 842 Materials required LOT setsiereaee 758 
Roman brick ......:sseeeeeeseees 374 Sewers on irregular grades....755 
Roof construction ..... .++++++ 243 Ontlet Gl Sewer (iiss sissies 756 
Asbestos shingle ....-.--+++++ 266 Relier Vsew.er s aitcies vsrroncscte ete 750 
Asphalt shingle .....---.++-+++ 265 Separate sewerage system..... 759 
Cement shingle ........ pees sine 2 Sewer arches, Concret2, Meas- 
Corrugated steel ......+-++++++- 260 uring for Be ane doa ese dere 278 
Flashings .......sseeceseeeeeees 266 Sewer-pipe, Concrete .......... 351 
Gutters and downspouts...--.-- 271 Storm flow, Volume of water 
Life of roofing inaterials.....-- 245 due {OV date cuisiciar atlas acalsisinerete 753, 754 
Shingle, Wood: ....05-% ececceee 245 Tile, Cost per 1,000 hs va- 
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Tile drainage, Cost of per acre.762 
Trunk or main sewers.......... 750 
See Plumbing. 
Shapes, Steel, Cost of...... 423, 426 
MEcllOns Of a. dsalate alee emcee 835 
Sheathing, Specification for..... 93 
Sheathing for stucco walls...... 340 
SHES TOOES menace cease accu dienees 243 
Sheeting, Quantity of........... 834 
Sheet-metal cornice .............. 269 
MALES L-Pilitg ee icn.ce ce sio\siels eisiejs ieee 134 
sheets, sreel,, Cost sofssonm scence 419 
Shellaciae nceecstics case cep cmesecect 603 
Shingles, Asbestos ............. 266 
FASDUOLE mr aadtoetacamteccwas veces 265 
Cement). cc acacceee sccemse eck oeee 266 
Covering capacity of.......... 246 
LOW. WtO Blavyinecsicts siceleceeean eens 246 
DIZEB! seccseakesececteemecccsmncre 245 
Wood, No.- per square.......... 157 
Shincle roots) eatcueceas comets 157, 245 
Shingles ‘stains ten, caceeeste ee toees f 612 
Shiplap, “Quantity Jof..teescs ace. 834 
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Soil-pipe, Lead and oakum for 
Jointss ol ss... sapetetdlaje(clera eaeieie 502 
Soil-pipe, vent-pipe, Weight 
OLE) Sajpintars sataiersvers acersiaiatela aa ticleteettons 501 
Soil-pipe, waste-pipe, Mini- 
mum diameters allowed...... 503 
Specific heat of various sub- 
stances 
Steam for heating, Properties 
Lectern ore\syore%s, 3 leieteiayeletenaelel mea 456 
Steel classifestion, Standard, -420 
steel, / Mill Sextrashaneccesne os 425 
Steel plate, Standard gauge of.264 


Steel, Quantity differentials...424 
Steel shapes, Cost of....... 417, 425 
Steel tanks, Dimensions and 
CAPACITIES LOLM ccd. oat teneonaate 531 
Steel, Warehouse cutting ex- 
GrAG: Vorieresicinya sisisielateaewiswi erate +» 428 
Stone, Specific gravity of..... 842 
Stone work, Cost of ..... Jevienisie 366 
Stresses, Allowable, in steel 
construction) scpaeuswslessoors 435 
Structural shapes, wood, Data 
for BGeSIg°M OL ataaclaveeenteace a: 204 
Struts, Strength of, in con- 
crete floor forms sgeeesee sens 300 
Tanks, Reinforced concrete, 
Costmot tine. acts ctpsicch cette 349 
Tile work, Number of tile per 
Sq. g-ftt Micvecnsetascectes ees 413 
Timber, Average weight of....208 
Timber, Board feet in.........- 149 
Timber, Dry, Weight of........ 209 
Timber, Shrinkage of .......... 151 
Tin, Roofing, Cost of...... 257, 258 
Tin, Roofing, Number of 
sheets required.......... 254, 256 
Tin, Roofing, in rolls, Number 
Sheets sreqitired “........s0.02+ 257 


886 
Tables—(Continued) Page 
Trenches, Volume of excava- 
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Sditare, DAES Gsacis wreclaieiciarvis 858 
Voids in broken stone ........ 310 
Voids in coarse aggregates....310 
Voids in pebbles ............... 310 


Wages, Calculating amount of.766 
Wages paid in building trades 
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Wallpaper, Number of rolls 
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Walls, Basement, Concrete, 
Materials Sax. i235 spice noe <0 282 
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Walls, Concrete, Cost of....40, 302 
Walls, Fireproof, Cost of..784, 785 
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Walls, Foundation, Thickness 
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Wires, Tubes and _ bushings 
FOU ag acs ta usr ween hee soe 573 
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See Estimate, Measuring. 
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Cyclopedia of 
Cement Construction 


§ Large Volumes 2000 Pages 1500 Illustrations 


The books are the combined work of the leading writers and 
teachers of cement construction, who have gathered at great 
labor into the pages of this cyclopedia the cream of all the useful 
information relating to the use of cement known at the present 
day. The most important sections deal with the Cement Industry 
—Materials of Concrete—Portland Cement—Aggregate—Mixing 
of Concrete—Tools and Machinery—Block Machines—PlaintCon- 
crete Construction—Stucco Work—Manufacture of Concrete Blocks 
—Waterproofing—Sidewalk Construction—Conerete on the Farm 
—Reinforeed Concrete—Reinforcing Systems—General Building 
Construction — Bridges and Culverts — Insurance—Ornamental 
Concrete— Masonry Construction—Brick and Brickwork — Ele- 
ments of Steel Construction —Estimating Cost of Excavating, Forms, 


Meat Bas comer PRL Briog $19 8 
Mian Ul 
RADFORD ARCHITECTURAL Co. 


1827 Prairie Avenue Chicago, Illinois 
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CEMENT WORLD 


“The World’s Greatest Cement Paper’’ 
Endorsed by more than 18,000 Satisfied Subscribers 


Issued 
15th of 

Every 
Month 


i 
| 


Each number contains perspective views, elevations, floor plans and 
details of modern, moderate-priced residences of cement plaster, 
concrete blocks and stucco, with all necessary information; school 
houses, churches, farm buildings, garages, barns, concrete block 
making, cement plaster work, steps and stairs, tanks and cisterns, 
bridgework, culverts, sidewalks, paving, reinforcing, waterproof- 
ing, coloring, staining, cement tiles, cement shingles, cement eg 
pipe, irrigation, engineering, cement tools, cement machinery, an 


the latest news of the cement industry, etc. 


RT i) aie Sa gga ee, 
Subscription Price $1.00 a Year, in Advance 


1827 Prairie Avenue 


Cement World Go. spss ts 


Details 
of Building Construction 


By W. A. RADFORD 
200 (9x12 inch) pages, 1800 illustrations. 


Radford’s Portfolio of ‘‘Details of 
Building Construction” is a 
complete manual of building prac- 
tice, as applied to carpentry, con- 
struction and the use of millwork. 
Tt is a remarkable collection of 
full-page plates, accurately drawn 
and reproduced to exact scale, 
showing clearly every detail of 
ar. building construction and 


How to Frame Every Kind 
of House. 


These plates make plain the framing and construction of residences 
of every type. Every popular and attractive style of interior 
trim is fully detailed. Special ideas are presented for the appro- 
priate interior finish for every room or part of the house. These 
ideas are worked out complete, the drawings showing both the 
arrangement of the room and all the interior trim, including built- 
in features, fully detailed. 


Modern Improvements a Feature. 


This is the day of “‘built-in’’ space and labor-saving features in 
the home. Carpenters are called upon to plan and build buffets 
and sideboards for the dining room, kitchen cabinets, eases and 
cupboards for the kitchen and pantry, bookcases for the living 
room and library, wardrobes and linen closets for the chambers. 
fireplaces with wood mantels, window seats, etc. Radford’s 
portfolio of ‘‘Details of Building Construction” is a regular gold 
mine of new and attractive designs. 

Work Can be Done Directly From Book. 

All details in this big, new book are drawn to scale and the illus- 
trations are remarkably clear and distinct. The size of each page 
(9x12 ches) makes possible a more complete explanation and 
leads to a better understanding than the average printed details. 


A contractor, builder or carpenter will find in this book many solu- 
tions of work that have never before 


been made plain to him and he ean Price $ 1 50 
be sure that each is correct....... Postpaid a 
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World's Greatest Building Paper” 
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Practical 
Carpentry 


‘Practical Carpentry,’’ by Wm. 
A. Radford. They are the latest 
works to guide the carpenter, 
builder and contractor in the many 
problems of construction that 
arise daily. A reliable text-book 
to which to refer in work that is 
new or unusual is indispensable, 
and these two volumes are written 
to supply the need. 


Four Hundred Special Illustrations 


There are over 400 illustrations in the two volumes of ‘‘Practical 
Carpentry.’’ Many of these illustrations cover an entire page 
and they completely and instructively illustrate the text. They 
show the detail and work down to the very minutest point. 


Over 600 Pages of Up-to-date Information 


Each volume of ‘‘Practical Carpentry’’ measures 6x9 inches and 
is bound in cloth with cover design, attractively stamped. Each 
volume contains more than 300 pages, making the complete work 
over 600 pages of useful and necessary information, written so that 
any reader can understand every sentence and follow the text and 
illustrations. 


Special Chapters on Good and Faulty Construction 


There are special chapters devoted to good and faulty construction 
and all kinds of framing, besides information on geometry, arches, 
centers, window and door heads, steel square in carpentry, house 
framing, roofs and roof construction, building construction, cov- 
ering of roofs, mouldings, joints, straps and other fastenings, stair 
building and many questions and 


answers on all subjects pertaining Price Postpaid $2 00 
bo: DultGing tcc es ace eee eee Per Set a 
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Steel Square 
and Its Uses 


“Steel Square and Its Uses,’”’ by 
Wm. A. Radford, consists of two 
volumes and are brand new books. 
They are written in plain, every- 
day language and the text and illus- 
trations can be easily understood 
and followed. Information of 
value that has appeared in former 
works appear in these books, to- 
gether with a vast amount of 
absolutely new, practical, every- 
day information, such as 1s necessary for every progressive and 
successful carpenter to know. 


Vast Amount of Practical Information 


This up-to-date and practical work on the application of the steel 
square treats of the laying of the rafters, finding the length of 
jacks, securing bevels, laying out hopper bevels, showing how to 
use the steel square as a calculating machine, and how to measure 
solids, surfaces and distances. While the text and descriptive 
matter are so accurate and easy of comprehension that they could 
be understood without even the assistance of illustrations, never- 
theless the book has been thoroughly and profusely illustrated 
with diagrams and drawings. 


Special Chapters on Stair Building 


Special chapters are devoted to that part of stair building to which 
the steel square can be applied. Other chapters discuss the adjust- 
able fence, roof framing, hip roof framing, hoppers and hopper 
bevels, combination squares, key to the steel square, possibilities 
of the steel square, polygons and miters, pitches, and roof framing 
and miscellaneous rules and examples. 


A Department of Questions and Answers 


Incorporated in Volume 2 is one of the most useful, interesting and 
instructive departments ever presented in a work of this character. 
It consists of numerous questions, which have been sent the editors 
by practical carpenters all over the country, together with elear 
and easily understood answers. ‘These questions come up in every 
carpenter’s work frequently and the 

solutions of the problems given will _ : 

prove a valuable aid to the readers Price, Postpaid $2 00 
of “Steel Square and Its Uses.”’.. Per Set . 
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Drawing 


Arehitectural—Mechanical 


By Wm. A. Radford.Two large 
volumes containing 576 (6x9 inch) 
pages, 300 illustrations. A new 
set of books published 1913. 


By means of these two books the 
contractor, builder or carpenter 
can advance by easy steps from the 
first principles of drafting room 
practice to the complete work of 
an architect’s office, including 
drawing to scale, tracing, detail- 
ing, lettering, rendering, designing, ete. Hecan combine the work 
of the architect and builder. He will learn not only how to plan 
the structure, but how to lay out the work, specify the materials 
and finish, make the contracts, and take complete charge. 


_ Partial List of Contents. 


ree Drafting—The Draftman’s Outfit—Instruments and 
aterials—Testing Instruments—Use of Instruments—Drawing to 
Scale—Penciling and Inking—Geometrical Planes of Projection— 
Ground Line—Quadrants—Plans and Elevations—Direction of 
Oblique Lines; Slope—Profile Plane—Auxiliary Planes of Projec- 
tion—Intersection and Development—Non-Developable Figures 
—Intersection of Planes—Of Plane and Curve Surface—Of Plane 
and Cylinder—Of Solids—Visibility of Lines of Intersection— 
Development of Prism, Pyramid, etc. 


Architectural Drafting—General Requirements—Negotiating 
with Owner—Scale of Drawings—Changes in Plans—Preliminary 
Sketches—Perspective serene Drawings—Work- 
ing Drawings (General and Detail)—Scale and Full-Sized Drawings 
—The Plan—Layout of Rooms, ete.—The Elevation—Use of the 
Orders—Characteristics of Types of Buildings (Residence, Library 
Schoolhouse, Office Building, Warehouse, ete.)—Colonial Archi- 
tecture—General Composition—Treatment of Elevations—Loca- 
tion of Openings—Scale Details—The Section—Full-Sizing— 
Reproducing Drawings (Blue-Printing, White-Printing, Hecto- 
graph Process, etc.)—Tracing Cloth—Architectural Forms—Con- 
ventional Symbols (Drain and Sewer Pipe, Lighting, Heating, 
etc.)—Sizes of Furniture—Materials of Construction—Shades and 
Shadows—Direction of Light—Shadows of Points, Lines, ete.— 
Details of Construction—Cornice—Floors—Lath and Plaster— 
Flashing and Counter-Flashing— 


Doors — Porches — Fireplaces — Price,Postpaid $ 
Stairs—Windows, etc.............. Per Set 3.00 
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